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tions. Numerous processing variables were aiso investigated with the
result that a total of one hundred thirty-one processing/material com-
binations were tried.

The net results c{ this investigation was the identification of four
material combinations which demonstrated substantial promise of ser-
ving as alternate materials to the nylon 12-253P rotating band systen..
Three of these four employ &« domestically produced nylon 6 material
(Zytel 211) with three different adhesives, P104, P-3, 253P. The
fourth is 2 French produced nylon 11 material (BMNO) with the 253P
adhesive. Gunfire results are presented and discussed and recom-
mendations for following up the work conducted in this program and
optimizing the performance of the most promising materials are
made.

\

H UNGCLASSIFIED

SECURITY CL «SSIFICATION OF THIS PAGE(When Data Entered)




PREFACE

This final report was submitted by the University of Dayton
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C-5024, 7381/01/34, with the Air Force Materials Laboratory,
Wright Patterson Air Force Base, Ohio. Mr. E.J. Morrisey was

the laboratory project monitor.
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1. INTRODUCTION & BACKGROUND

A rotating band is that part of a projectile which extends above the
diameter cf the basic projectile body and which ecgages the lands and grooves
on the interior of rifled gun barrels. It consists of a relatively soft mat-
erial which must serve as a seal to prevent gaseous products of propellant
combustion from cscaping around the projectile and must be firmly
anchored to the projectile to impart spin as the projectile accelerates
through the gunbarrel. In addition, the rotating band must possess
sufficient integrity that it does not fray, crack, or break up either in

the gunbarrel or in free flight after exiting the barrel.

The United States has been using relatively soft metals such as
copper for many years for rotating bands. There are a number of dis-
advantages associated with the use of metallic rotating bands but the
problems become most pronounced at high rates of fire and high muzzle
velocities. Under these conditions one of the major problems becomes
gunbarrel wear or ercsion. This situation has been recognized for many
years and a substantial effort has been invested over the years to investi-
gate and develop alternate materials to the soft metals for use as rotating
bands. These efforts are well summarized in a number of publications [1, 2]
and will not be further reviewed here. The University's involvement in an
investigation of this nature commenced in December of 1973 and continued

until July, 1975, concentrating on the 20mm projectiie.

At the time the writer became involved ia the program, the status

of the program was that:

{a) Nylon 12 had been found to work adequately but it was not
manufactured domestically and was expensive. [t was
desired that a less expensive material which was domesti-
cally manufactured be found.

(b) A less expensive molding technique than ring-gate/insert
molding was desired.
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Item (b) had already been addressed by the Materiais Engineering Branch
(MXE) of the Air Force Materials Laboratory (AFMI j. The proposed
solution employed an improved mold design to reduce material waste

and machine time. The new technique employs side gating and pro-
duces weld lines where the molten polymer flows around the projectile
from opposite sides and meets. Weld lines are reputed at best to be

only 80 to 90% as strong as weld free portions of the band [2] but in our
experience, no failures whatsoever have been associated with the weld
lines. The original objective of the effort repcrted here, consequently,
was to investigate alternative materials and adhesives so as to replace
nylon 12 with an inexpensive, domestically available band material.
Several considerations changed during the course of the program. One
of the earliest changes was the dropping of the =2xpense criteria. The
desire was to simply find a domestically available alternate to nylon 12,
regardless of cost. This was to be accomplished by using a one-half inch
long band with no bevel on either the leading or trailing edges, even
though it was already known at this time that a bevelled angle on both

the leading and trailing edges improved band performance. It was also
learned, several months into the effort, that the ultimate band length
would have to be reduced to 0.28 inches instend of 0.50 inches. Since

by this time a 0.50 inch mold insert was available, it was agreed that
work could proceed using the 0.50 inch length. The primary aim at this
point was to find a material equivalent or superior to the nylon 12 material,
and it was felt that this could he accomplished with the 0.50 inch band
length simply by comparing the performance of V.50 inch nylon 12 bands

to that of 0.50 inch bands of the various candidaie materials.
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II. TECHNICAL DISCUSSION

A. Approacl

At the time that the University became involved in this program,

no quantitative information was available regarding the strength, toughness,

r other property levels required cf the band material or adhesive in order
to achieve acceptable performance over the required temperature rangc
(-€5°F to 160°F). Further, only a qualitative, and even for that matter
relatively speculative, idea existed regarding the loading modes which
a rotating band and its adhesive would be subjected to during gunfire. The
approach adopted therefore was largely an empirical one guided by the
judgment and experience of the author and the AFML program monitor. In
general, materials were sought which possessed and retained down to -65°F,
a degree of impact resistance comparable or superior to the nylon 12 mat-
erial. For each band matcrial investigated, one or more adhesives were
tried. The adhesives tried were either recommended by the band material

supplier or were members of the general class of adhesives recommended

for use with that type of material [3].

B. Materials Investigated

During the course of the experimental effort, cighteen specific
thermoplastic band materials, rcepresenting seven general families of poly-
mers, were investigated. Eleven specific adhesives representing eight
general types were utilized during the prograim as well as four different
adhesive primer materials. A total of forty-nine band material/adhesive/
primer comuinations were fabricated and evaluated. Superimposed upon
this total were numerous processing variations such as projectile surface
preparation and adhesive/primer curing schedule. The total number of

different processing/material combinations examined therefore ran well

over one hundred. : Tables A-1through A-31listthe materials usedinthis program

while Table A-1 liststhe material/adhesive/primer combinations investigated.

"Appendices A and B summarize the materials and processing combinations

investigated in this program.

()
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C. Fabrication Procedures

A1l of the rotating bands cvaluated during this program were
injection molded on a Newbury-Eldorado, 75~tcn, 3-ounce injection
molding machine. The molding parameters used to fabricate all the
various sets of rotating band samples are tabulated in Appendix B.
Any subsequent adhesive bonding operations tc which the banded sam-
ples were subjected to culminate bonding are also presented in

Appendix B.

In essence, the sample fabrication process consisted cof four
general phases. The first consisted of the preparation of the projectile
surface for bonding. This phase consisted o1 a number of substeps
including grit or glass bead blasting, methyl ethyl ketone (MEK)
degreasing and air drying. The second phase consisted of application
of the adhesive. This could have been a simple dip or brush coating
or the wrapping and heat tacking of a tape-type adhesive onto the sur-
face. In some cases, a base primer coat had to be applied before the
adhesive itself and in some cascs the adhesive required a bake after
application but prior to molding of the band. The third phase was the
injecticn molding of the band itseclf while the fourth phase was the post
molding bond completion. Although in most casecs, the adhesive appli-
cation, molding and bonding corditions recommended by the manufacturer
were utilized, some variactions in these processing parameters were
introduced during the course of the program with some of the band
materials and adhesives. These variations were aimed at improving
the performance of the various systems over that achieved with the
recommended processing conditions. For the most part, the specific
details of the processing of the various band and adhesive combinations
will not be discussed 1n the text since this information is quite cumber-
some and can be obtained from Appendin B if desired. In a few
instances however, salient variations in the processing parameters
which led to significantly improved or reduced performance levels will

be discussed.
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D. Testing and Evaluation Procedures

3 Early in the program, it was requested that some sort of screening

technique be developed and utilized to simulate the effects of vunfire testing

=3 and reduce the number of gunfire tests required to evaluate the various
= . materials. A fzlling-dart type impact tester was sugazested as having served

this purpose well in other similar studies. Accordingly, a falling-weight

P4

19 1)

:mpact tester already available at the University was modified for this pur-

et

pose. Figure i illustrates this test device. It is capable of dropping a

e

one, two, or four pound weight from any height up to eight feet onto a2 sample.

E>
7

The sample rests in a V-block and is impacted by a blunted knife edge 0.0735

]
B

B
&

.
Y

inches wide, a dimension comparable o the width of a rifling land. The

length of the knife edge is ore inch, which is longer than the band, and is
3 aligned alcngz the projectile axis so that the excess length serves to limit
penetration to the surface of the main projectile oy, the same situation

encourtered in z gunbarrel.

A series of falling dart tests on nylon rotating band specimens

E was conducted early in the program to determine if any difference in per-
srmance was manifested with various combinations of dropping weight and
drop height. It was fourd that for equivalent impact energy, equivalent

; band performance was obtained, regardless of the combination of weight

;. and drop height used to attain the impact energy. Consequently, all further
= screcning tests were conducted with a four pound weight, different impact
energies being achieved simply by varying the drop height.

The falling dart impact test cescribed above was used to screen

: the many materials examined during the course of this effort and to identify
s , those which looked promising enough for further evaluation in an actual gun-
| fire test. The gunfire tests were conducted at the Air Force Armaments

o

i I.aboratory (AFATL), Eglin AFB, Florida. Barrel number 23, a 30/20

R

450

barrel with a constant twist of one twist in 24 inches was employed. Thirty

millimeter cartridge cases were empioyed to achieve the desired velocities
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but were necked down to 20 millimeters to accomodate the projectiles. Tests
were conducted at a nominal muzzle velocity of 4000 fps. Maximum chamber
pressure and projectile exit velocity were recorded during the test and an
in-flight photograph of the specimen was taken to permit inspection of the
condition of the rotating band after its exit from the barrel. Tests were
conducted at room temperature, -65°F, and 165°F. Figures 2 and 3 repre-
sent typical in-flight photographs illustrating the various types of rotating
band conditions seen in a gunfire test ard which are discussed in the text

and listed in Appendix C. Table 1 lists the specifics for each specimen
photograph in Figures 2 and 3 so that the reader may cross reference the

photographs and the test results tabulated in Appendix C.

Use of a constant-twist barrel is an admittedly more severe test
condition than the projectile would see in a gain-twist barrel, which is
the type in service. The rationale for using the constant-twist barrel,
however, was that since it did represent the more severe condition, a
material which performs successfully in this situation would have a built-
in margin of safety in the less taxing gain-twist system. Late in the pro-
gram effort, some shots were fired with a gain-twist barrel and as expected,

band performance was significantly better.

Examination of all the test data accumulated during this program
from both the falling dart and gunfire tests leads to a number of conclusions
regarding correlation of material performance in the two different tests.
First, it must be noted that, by far, the bulk of the falling dart tests were
conducted using an eight foot-pound impact encrgy. This level was selected
becausec the nylon 12-253P system was capable of surviving falling dart
impacts at this energy level at all three test temperatures (-65°F, 72°F,
165°F) without fracture or debonding. It was reasoned that since we did
not know what impact energy level corresponded to a material's ability
to perform satisfactorily in a gunfire test, selection of an impact energy

level which the nylon 12-253P (the best gunfire performance found to date)
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TABLE 1

SPECIMEN NUMBER, MATERIALS, AND TEST CONDITIONS
FOR IN-FLIGHT PHOTOGRAPHS OF FIGURES 2 AND 3

AFATL Specimen Band/Adhesive Test Interpretation of
Shot No. Number Combination Temp. Photograph

685 80-22 BMNO/253P 75°F Pass - Band fully
intact.

431 75-14 Zytel 158/253P 75°F | Pass - Slight fray-
ing at rear edge.

418 76-12 Zytel 158/ P3 75°F Fail - Small piece
off rear edge.

383 90-17 Zytel 211/253P 75°F | Fail - Large piece
lost.

365 75-3 Zytel 158/253P 75°F Fail - Entire band
lost.

416 90-82 Zytel 211/253P 75°F | Fhoto blurred -
band looks intact
but may be
slightly frayed.

417 76-11 Zytel 158/ P3 75°F | Photo blurred -

band looks intact
but may be very
slightly frayed.




couid withstand would serve as a useful starting point. In retrospect,
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it appears that the use of eight loot-pounds impact energy does provide a
fairly reliable indication at 72°F of a material's ability to perform
well in gunfire tests at 72F. At -65°F, however, the falling dart
impact test using eight foot-pounds appears to be too severe a condi-
tion since every combination tested with the falling dart apparatus at
this temperature except for the nylon 12-253P system experienced
fracture or debonding or both. Some materials which looked poor in
the falling dart tests at -65°F, however, looked rather encouraging in
gunfire tests at this temperature. At 165°F, on tke other hand, most
materials tested with the falling dart looked quite suitable, although
these same materials did not perform as consistently well in gunfire
tests at this temperature. What all this mean® is that these materials
may not be as good as the nylon 12-253P system in resisting this type
of impact, particularly at the lower temperature, but that they still
may be good enough to survive a gunfire test. The fact that a falling

dart impact test is strictly a compressive test while a rotating band

AR ARk s T L A SR
SRR e S e IR i R O S AR i %

during gunfire secs not only compressive but also shear stresses un-

doubtedly contributes to this less than perfect correlation between the
two. All of these considerations indicate a need to know the actual
stress levels encountered by a rotating band during gunfire at different
3, temperatures and how various combinations of material mechanical

: properties affect and respond to these stresses.
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E. Experimental Results

As mentioned in Section IIB, a total of forty-nine band/adhesive/
primer combinations were fabricated and evaluated, and the number of
processing variations superimposed upon this total brought the total num-
ber of processing/material combinations to over one hundred. Each of
these combinations were screened with the falling dart test to see how
well they performed in comparison with the best material found to date,
nylon 12 bonded with 253P adhesive primer. The screening tests were con-
ducted at 72°F and any material performing well at this condition was then
impacted at -65°F and/or 165°F. Only those materials which looked pro-

mising in the falling dart screening test were forwarded to AFATL for

o O3 o 3
guniire fesfing.

¥

Most of the materials fabricated and screened during this pro-
gram did not perform well in the falling dart tests, experiencing either
band fracture or debonding from the projectile substuate as a result of
the impact. Rather than expand individually on the test results for each
single material and processing variation, the results for all the materials

are summarized in Appendix C. Only those systems which appeared

B R S SR AR

Rk S RO ey

promising and were sent to AFATL for gunfire tests will be discussed
individually in the fext, with brief summaries of the results for other
systems presented in the conclusion section starting on page 26. This

reduces the descriptive task to manageable proportions since only eight

-

combinations were subjected to gunfire testing at AFATL. All of these

i

eight « »mibinations involved nylon bands (nylon 6, nylon 6/12, nylon 11,
and nylon 12) and epoxy-phenolic (P3 and P104) or a proprietary epoxy
type (253P) adhesive. One of the eight was the nylon 12/253 P combina-

TG AP e

tion which has proven to be the best material system found to date for

20mm rotating bands fired at 4000 fps. Table 2 lists the eight combi-

R
T

nations which will be individually discussed.
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TABLE 2

ROTATING BAND SYSTEMS EVALUATED IN

GUNFIRE TESTS AT AFATL

Band
Material

Material
Designation

Adhesive

Nylon 12
Nylon 11
Nylon 11
Nylon 6/12
Nylon 6/12
Nylon 6
Nylon 6
Nylon 6

L1901
BMNO
BMNO
Zytel 158
Zytel 158
Zytel 211
Zytel 211
Zytel 211

253P
253P
P3
253P
P3
253P
P3
P104

13
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L1901-253P

At the time that the University became involved in this effort, the
nylon 12/253P system had already established itself as the best performing
system vet tested. It's performance was reputed to be fully adequate af
ambient conditions and at -650F, but at 165°F it's performance was not
fully satisfactory due to softening. Further, since the material was
not domestically manufactured, the whole object of our program was to
find a domestically produced alternative. As a first step, however, sev-
eral series of rotating bands using this material were fabricated to esta-
blish the level of impact energies which this system was capable of sus-
taining in the falling dart screening test. This would then serve as a goal
for other materials systems to aim for if they were to equal or surpass
the performances of the nylon 12 systems. After fabricating a series of
nylon 12/253P rotating band specimens and subjecting them to falling dart
screening tests, it was found that this system was capable of sustaining an
impact energy of eight foot-pounds at all three test temperatures, -65°F,
ambient, and 165°F, without visible damage other than the indentation from
the blunted nose of the dart. Later in the program, in fact, it was learned
that this level of performance was achieved by the nylon 12/253P system
in an 0.200 inch band length as well as the 0.500 inch length. A set of L1901~
253 P rotating band specimens was consequently sent to AFATL for gunfire
testing. This set contained five specimens. All five were fired at ambient
conditions and all five rotating bands were fully retained after leaving the
test barrel. These bands had a 30° bevel on the front edge but none on the
rear edge and since these were the locations of the observed impericctions,
it is possible that with a more gradual bevel on the {ront and rcar edges,
the samples would have exhibited no imperfections at all. At any rate, the
fact that all five samples passed was in accord with previoss results and
verified that our fabrication procedures were capable of producing rotating
band specimens cquivalent to those produced by other laboratories working

in this area.

14
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BMNO-253P

The close similarity of nylon 11 to nylon 12 (eleven carbon atom se-
quences in the chain backbone rather than twelve) made it an obvious choice
to investigate since the nylon 12 had proved adequate. The fact that the nylon
11 source is located in France rather than the U.S. A, was a known drawback,
but it was felt that if the material proved technically satisfactory, an alter-
nate to the German-made nylon 12 would be a better situation thanno alter-

nate at all.

A series of BMNO/253P rotating band specimens were consequently
prepared. Falling dart screening tests on this material system indicated
that it was equivalent to the nylon 12/253P system at ambient and 165°F,
but inferior at -65°F. At the low temperature the nylon 11 system exper-
ienced both fracture and debonding from the projectile when impacted with
eight foot-pounds. Because of the good performance at the two higher tem-
peratures, a set of fifteen samples were sent to AFATL for gunfire testing.
Five were to be fired at each of the three test temperatures. At ambient
conditions, one photograph was not obtained when the camera malfunctioned.
Of the remaining four, three passed the gunfire tests with no visible damage
to the bands other than the engraving grooves, apparent in the photographs.
The specimen which failed had lost the rear two-thirds portion of the band
between two of the engraving grooves and a small piece from the rear of the
adjacent between-groove section. All five specimens fired at 165°F were
intact and therefore passed the test, although a very slight amount of fray-
ing appecared to occur on the leading or trailing edges. All of the muzzle
velocities of the 165°F shots were slightly lower than the 4000 fps target
velocity (3946-3986 fps). This might be attributable to a softening of the
material at this temperature with a subsequent failure to build up sufficient

back pressure in the breech tc impart a higher velocity for a given charge.

At -65°F, one specimen was not tested for unstated reasons. Of

the remaining four, one specimen passed while three failed. Of the three
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failures, one sample had lost a small piece of the band from the front edge
of the band while the other two lost half or more of their bands. Again, the
above shots were conducted on samples which had a 30° bevel on the leading
edge and none on the trailing edge and most all of the damage inflicted upon

the bands was ai one of these two locations.
BMNO-P3

In addition to the 253P adhesive used with the nylon 12 {1.-190!) and
nylon 11 (BMNO), an additional adhesive, sold by the same company that
handles the BMNO resin, was tried. This adhesive, P3, was developed

especially for use with nylon 11 and was tried, not only here, but also later

with other types of nylon.

A relatively small series of BMNO/P3 specimens were prepared.
In the falling dart screening test this system looked satisfactory at ambient
conditions. A set of five samples were forwarded to AFATL for gunfire
testing. Four of the five were fired with three of these four losing half or
more of the band during firing, predominately from the rear edge of the
bands. The fourth specimen might also have lost a part of the band but
the in-flight photograph was difficult to interpret. These specimens also

had a 30° bevel on their front edges and none on the rear.

Zytel 158-253P

The wide domestic availability and relatively low cost of type
6/12 nylon made this material a desirable candidate for evaluation. The
molecular structure of nylon 6/12 would lead one to hope that its higher
stiffness and melting point combined with its more frequent spacing of
carbonyl groups would simultancously serve to provide better 165°F per-

formance than nylen 12 and also more sites for adhesive bonding to the

projectile substrate.

Several sets of Zytel 158 rotating bands were prepared using 2531

as the adhesive. It was reasoned that an adhesive which bonded to nylon 12

16
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(which 253P does) should bond even better to nylon 6/12 because of the
higher concentration of carbonyl sites. Several processing parameters,
such as mold temperature and length of adhesive prebake time, were varied
for these different sets of specimens. Unfortunately, the test results for
the Zytel 158 material were not particularly good. Although some evidence
of success was obtained, the Zytel 158/253P system by no means measured
up to the performance of the nylon 12 system. It was found that the Zytel
158/253P system performed best when the 253P adhesive was not subjected
to quite as long a prebake as with the nylon 12 system. The primary observ-
able difference between these two conditions is the color of the 253P film
at the end of the prebake period, being a light amber or honey color for the
optimum Zytel 158 condition and a darker amber for the optimum nylon 12
condition. In the falling dart screening tests, the Zytel 158/253P system
proved satisfactory at 72°F, but at -65°F its performance fell considerably
short of that of the nylon 12 system. In order for the 6/12 material to sur-
vive a falling dart impact at ~65°F, the impact energy had to be reduced

to four foot-pounds (the 1.1901/253P system survived an eight foot-pound
impact). In gunfire tests, the Zytel 158/253P system, evan at 72°F, fell
considerably short of the nylon 12 performance. Samples from three dif-
ferent sets of Zytel 158/253P banded projectiles were fired at ambient
conditions. All of the bands from two sete failed to perform satisfactorily.
Of the three samples from the third set, one had clearly lost nearly the
entire band, and while the photographs for the other two were too dark

and blurred to interpret accurately, it appeared as though the bands on
these two might have beer substantially intact. All of the Zytel 158/253P
samples which were gunfire tested had a 30° beval on the leading edge and
no bevel on the trailing edge. At any rate, of the total of six projectile
samples fired from the three different sets, four were clear failures and

two were questionable. This is in marked contrast to the near 1009, success

rate achieved by the nylon 12/253P system.

17
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Zytel 158-P3

This band material/adhesive combination employs an adhesive mar-
keted for use with nylon 11 but which, by the same reasoning stated in the
previous seciion, was felt worth evaluating with the nylon 6/12 also. A
total of four sets of samples were fabricated using this combination with
about the same results as with the Zytel 158/253P system. The falling dart
screening tests conducted at 72°F all resulted in satisfactory performance
but at -65°F the result was uniformly poor with the ba.nd fracturing and de-

bonding from the substrate projectile even at impact energies as low as

four foot-pounds. In the gunfire tests at arnbient conditions, a total of ten

samples from three different sets were fired. Of these samples, only one

was clearly intact after firing while two others might have been intact but

blurred photographs made it difficult to tell for sure. Of the remaining

seven, four were clear failures while the other three appeared to have lost

portions of the band, but blurred photographs preclude an unequivocal stiate-

ment to that effect. Just as with all the systems mentioned previously, the

Zytel 158-P3 samples discussed here had a 30° bevel on the front edge of the

band but a blunt rear edge.

Zytel 211-253P

Nylon 6 possesses a number of desirable features for consideration
as a rotating band material. It is widely available domestically, it is
relatively inexpensive and its chemical structure is very similar to that

of nylon 12, the difference being that the repeating unit is half as long.

Four sets of Zytel 211-253F rotating bard specimens were fabricated.
Several processing parameters were varied during the fabrication of these
specin.ens, including the temperatures at wlich the adhesive was baked
prior to molding, the elapsed time between adhesive application and molding,
and the temperature to which the projectile was induction heated subsequent to
molding in order to consumate the bond. It was found that certain combina-

tions of these processirg variables produced rotating bands which performe~

18
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very well at ambient conditions and which also showed considerable promise

(o]

at -¢3%F and 1605%F. The best results obtained during this program with the

by

been found that the projectile sarface must be induction heated to about 500°F
after molding to develop 2n adequate bond between the 1:vlon band and the
projectile. In fact, it has been found that repeating this induction heating
process a second time improves the bond over just one heat-up. In each

case, the sample was quenched in coid water immediately after induction
heating to prevent warpage or distortion of the band. It has also been found
that the degree of prebakinz of the 253P adhesive can be a very significant
factor in the uitimate performance of the rotatinz band. It was our experience
that simply placing the adhesive coated samples in a circulating air oven set
at 430°F for 45 minutes could not be depended on to yield reproducible results.
This was apparent {rom the observable differences in adhesive ~olor after
ostensibly identical bakes. Inaccuracies in temperature control or tempera-
ture gradients within the oven are most likely responsible for this problem.

It has been found that if the prebake is conducted as long as necessary to
produce a shade of amber comparable to that in a beer bottle, without regard
to the length of time required, the optimum pr:bake has been achieved. One
other variable which vas not optimized in this effort is mold temperature.

All of the Zytel 2i1-253P samples were molded in a 230°F mold. Coaceivably,
use of a lower mold temperatvre could produce a more amorphous polymer
structure and thereby increase the flexibility of the inaterial and enhance its
ability to perform satisfactorily at -65°F. In summary, as shown in Table

3, a very limited number of tests show that this material combination performs
excellently at 72°9F and shows sufficien* promise at -65°F and 165°F to

justify further work and process parameter studies. Contrary to the some-
what reduced muzzle velocities noted with the BMNO system at léSOF, the
Zytel 211 resulis cited in Tabple Z at 165°F all had muzzle velocities in the

range 4026 to 4115 fps, which is almost identical to the 72°F muzzle velocity

L. . o C
range and indicates that softening at 165 F occurs to a significantly lesser

19
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S TABLE 3
SUMMARY OF BEST TEST RESULTS FOR THE
3 ZYTEL 211/253P SYSTEM
:z Test Falling Dart Gunfire Results
Specimen | Temperature Result {Bands had 15° bevel on lead:ng edge,
< Number {°F) (8 ft 1hs) 6° bevel on trailing cdge)
.% G -0¢ 75 Pass ---
. (;()-l’)é 75 - Pass
90-6 75 --- Pass
A 906-75 75 --- Pass
90-7 75 --- Pass
7 90-55 75 --- Pass
E 90-81 -65 Piece fractured .-
:: -65 } and debonded S
4 90-62 -65 -~- Pass
3 90-66 -65 --- Pass
90-72 -65 --- Large piece off.
E 90-78 -65 -~- Pass
j 90-83 -65 --- Photograph difficult to interpret.
< May be . very small piece off of
3 leading ecdge.
90-63 165 Pass
3 90-67 165 --- Cannot interpret photo accurately.
> 90-74 165 --- May be slight fraying but photo
blurred.
90-80 165 ——- Pass
90-84 165 --- Photo blurred and hard to interpret
but a very small picce may be off
of leading edge.

pr—

20




&
s,

T de P R RSO IS LR N D S SR

A NPT

Vb

T T R R A o Y

degree with the Zytel 211 than with the BMNO or nylon 12 material. All of

the data in Table 3 are for samples with a 15° bevel on the leading edge and

a 6° bevel on the trailing edge. A previous set of five Zytel 211-253P samples
fired at 72°F with a 30° bevel on the leading edge and no bevel on the rear
edge resulted in three clear successes and two which were difficult to inter-
pret because of blurred photographs but which looked satisfactory for the

most part with perhaps some slight fraying.

Zytel 211-P3

Three sets of Zytel 211-P3 samples were fabricated. Falling dart
tests were conducted on samples from each of these sets and gunfire tests
were conducted on samples from two of the sets. In cach case, the falling
dart impact test at 72°F resulted in neither fracture or debonding, while at
-65°F both fracture and debonding occurred in the large majority of cases.
One sample at -65°F did not fracture but it did experience some debonding.
Of the two sets from which samples were gunfire tested, one was subjected
to an adhesive prebake before molding of 450°F for 45 minutes while the
other was prebaked for 10 minutes at 550°F. Tables 4 and 5 present the
gunfire test results obtained for these two sets of samples. It is difficult
to see a significant difference between the overall gunfire performance of
the two different sets. Comparison of the data in these tables with that in
Table 3 leads to the observation that there appears to be little to choose
between the P3 or the 253P adhesive for Zytel 211 rotating bands. As with
the Zytel 211-253P samples, all of the Zytel 211-P3 samples were molded
with a mold temperature of 230°F and use of a lower mold temperature could
help improve the flexibility of this material and improve its gunfire perfor-
mance. It is also possible that further variation of the adhesive prebake con-

dition could result in improved overall gunfire performance.

Zytel 211-P104

The same company which developed the P3 adhesive for use with nylon

11 also offers a P104 adhesive which was developed for usc with clectrostatically

21




TABLE 4

GUNFIRE TEST RESULTS FOR ZYTEL Z11/P3
PREBAKED A D 450°F BEFORE MOLDING

Test
Specimen Ternperature
Number (°F) Gunfire Results

91-17 75 Pass

91-18 75 Pass

91-21 75 Pass
4 91-29 75 Pass
91-32 75 Pass
- 91-19 -65 Fail-Very small piece off
: rear edge.
91-26 -65 Fzil-Piece oif rear edge.
; 91-30 -65 Pass

91-33 -65 Fail-Piece off rear edge.
3 91-11 165 Pass
91-12 165 Fail-Piece off around rear ecdge.
2 91-16 165 Pass
91-25 165 Pass
; 91-35 165 Fail-Slight fraying at rear edge.
: 91-23 75 Fail-No pieccs lost but some
; fraying.
91-27 75 Pass
i 91-28 75 Fail-No picces lost but some
fraying.
4 91-34 75 Pass

Note: First 14 specimens in table had 15° bevels on leading edge and 6°
bevels on trailing edge. ILast 4 specimens had no bevel on rear
edge but had a 30° bevel on {front edge.

22
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TABLE 5

GUNFIRE TEST RESULTS FOR ZYTEL 211/P3
PRECAKED AT 550°F BEFORE MOLDING

Test
Specimen Temperature

Number (°F) Gunfire R=sults

91-43 75 Fail-No piece lost but some
fraying.

9)-44 75 Fail-No piece lost but some
fraying.

91-52 75 Fass

91-53 75 Pass

91-57 75 Pass-May be very slight
fraying.

91-42 -65 Fail-Small piece off rear edge.

G1-45 -65 Difficult to tell because of

blurring. May be small piece
off rear edge.

91 -46 -65 Pass

91-51 -65 Pass-Photo blurred.

91-58 -65 Pass-Photo blurred.

91 -37 165 Pass-Photo blurred but may be
very small piece off
rear cdge.

91-39 165 Pass

91-40 165 Pass-Photo blurred but may be
very small picce off
rear edge.

91-48 165 Pass

91-38 75 Fail-hard to tell for sure but

may be very small piece
off rear edge.

91-47 75 Pass

91-54 75 Pass

91-56 75 Pass

Note: First 14 specimens 1n table had 15° bevels on leading edge and 6°
bevel on trailing cdge. Last 4 specimens had no bevel on rear edge
but had a 30° bevel on {ront edge.
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applied coatings and for use in more severe environments. It was decided

that the reputedly better invironmental resistance of this adhesive made

it worth evaluating. Two sets of Zytel 211/P104 rotating band specimens

were fabricated. One was molded with fresh adhesive and passed five

out of five trials in 72°F gunfire tests (see Table 6). Samples from this set
also looked good in the falling dart tests exhibiting neither fracture or debonding
at 72°F or -65°F. The second set was molded six weeks later with the same
batch of adhesive mixed earlier. in the falling dart test, samples from this

set still underwent no fracture or debonding at 72°F. The initial 72°F gunfire
results from this set of samples was quite poor, three failures in three trials.
Beveled leading and trailing edges were then machined onto the remaining
samples from this set and they were returned to AFATL for further gunfire
testing. The beveled edge samples did very well in 72°F gunfire tests, passing
all five trials but the performance dropped off at -65°F and 165°F. It is
certainly not inconceivable that if this system were prepared with freshly
mixed adherive and test fired with beveled edges, its performance might

prove very good. Also, all of the Zytel 211- P104 specimens were prepared

in a 230°F mold and use of a lower mold temperature could improve its

flexibility and performance.
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TABLE 6

Pt v

i GUNFIRE TEST RESULTS FOR ZYTEL 211/1°104
e U — -
; Test ]
& Specimen Temperature
- ~__Number (°F) Gunfire Results ]
92-11 75 Pass
- 92-14 75 Pass
- 92-18 75 Pass
’ 92-19 75 Pass

- 92-20 75 Pass

92-21 75 Fail-Photo too dark to be

sure but silhouette
appears to indicate loss
of a piece.

92-26 75 Fail-Photo too dark to be
sure but looks like a
small piece off front
edge and some fraying

3 at rear.

& 92-30 75 Fail-Photo blurred but looks

o like a picce is off. |
f‘ 92-25 75 Pass

; 92-29 75 Pass

92-35 75 Pass

3 92 -39 7% Pass

92-45 75 Pass

i 9z-22 -65 Fail-Picce off.

i 92-27 -65 Fail-Almost entire band lost.
92-32 -65 Pass

;:; 92 -37 -65 Fail-Piece off rear half.

: 92-47 -65 Pass

92 .23 165 Fail-Photo too dark to be sure
but piece looks off.

g 92-28 165 Fail-Photo blurred but looks

g like large picce off.

g . 92-38 165 "~ Fail-Badly peeled.

£y ) 92-43 165 Ha.-d to tell-May be small

| R picce off front edge. |
Note: ¥irst 5 specunens made with freshly mixed adhesive and fired with 30°
f; bevel on front edge but none on rear. Center three specimens made with
} adhesive maixed six weeks prior to use and fired with 30° bevel on front
12 i cdge but none on rear. Last 14 specimens made with adhesive mixed six
i« weeks prior to use but fired with 159 bevels on leading edge .nd 67 bevel
£ . on rear cdge.
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IIL. CONCLUSIONS

1. Although the data base from which the conclusions in this section
are drawn is somewhat limited, it is felt that several material-adhesive
combinations have clearly demonstrated sufficient potential to justify
further and more in-depth evaluation as alternate material choices to

nylon 12-253P for 20mm rotating bands.

2. The gunfire performance of the nylon 11 (BMNO)-253P system was
only slightly below that of the nylon 12-253P system at 72°F. At 165°F,

the nylon 11 system performed very well although at -65°F its performance
was unsatisfactory. No attempts at processing optimization were under-
taken in this program with the BMNO-253P system. This type of investi-
gation combined with use of more gradual bevels on the leading and trailing
edges of the rotating bands could substantially improve the performance

of the BMNO system.

3. The nylon 6 {Zytel 211)-253P system, being one which is both domes-
tically available and which has demonstrated the potential of performing well
in gunfire tests at all three temperatures deserves further developmental
and evaluation efforts. Its 72°F performance was excellent and its perfor-
mance at -(5%F and 165°F was good although photographic problems make

it difficult to assess the results of all the test firings. Again no attempt at

prncess optimization was made with this system.

4, The nylon 6 (Zytel 211)-P3 system has demonstrated considerable
potential in gunfire tests and is worthy of further development and evaluation.
The performance of this system at 72°F is excellent. At 165°F its perfor-
mance is also very good. At -65°F it demonstrated considerable promise
althougt ijs performance al this temperature was not as good as at 72°F or

165°F.
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5. The nylon 6 (Zytel 211)- P104 system has also demonstrated con-
siderable promise and should be further evaluated. Its gunfire perfor-
mance at 72°F was excellent. At -65°F its performance was only mar-
ginal and at 165°F it did not perform well at all. It must bbe remembered
that the performance at these latter two temperatures was determined
from specimens made with an adhesive mixed six weeks prior to use and

that process optimization efforts might achieve significantly improved
gunfire performance.

6. Nylon 6, 12 (Zytel 158) was tried with four adhesives (P3, P104,
253P, and FM1000). At room temperature its gunfire performance was,

at best, marginal. At -65°¥F the material did no* perform well at all.

7. Glass filled nylon 6 (Plaskon 8231 and Plaskon 8233) was tried
at glass contents ranging from 30% down to 3 1/2% (Plaskon 8231 diluted
with Zytel 211) with the P3, P104, and 253P adhesives. At the 3 1/2%
glass content, this combination survived falling dart tests at 72°F and
165°F but exhibited fracture and debonding at -65°F. Since there is a
possibility that the -65°F falling dart test is more severe than & -65°F

gunfire test, further testing of this material should be undertake.:, parti-
cularly gunfire testing.

8. Three different kinds of nylon 6, 6 were tried (Zytel 101, Zytel 42,
Zytel 105) with four different adhesives (P3, P104, 253P, and FM1000).

All performed poorly in the falling dart tests at room temperature, under-

going both fracture and debonding.

9. An cthylene-propylene terpolymer, designated Dexon, was tried

without success. This material was reputed to bond well to stecl without

an adhesive and it was used in this program without an adhesive. It was

found that the material simply did not bond very well to the projectiles and

underwent substantial debonding in the falling dart test at room temperature.
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10. A urethane band material (Texin 591A) was found to perform very
well in room temperature falling dart tests but to fracture and debond in
-65°F falling dart tests. The flexible nature of the material at room
temperature makes its performance capabilities at 165°F in a gunfire

test suspect, although no actual tects at 165°F have been conducted.

11. Phenylene oxide based material was tried in two forms, one a
black, filled composition (SE100) and the other a gray, natural compo-
sition (EN G 265). A number of different adhesive/primer/processing
parameter combinations were tried with results in falling dart tests at
72°F running from poor to marginal and results in dart tests at -65°F

producing consistently fractured and debonded bands.

12. Two other materials were also tried, a thermoplastic pclyester
(Tenite 6T-91A) and an acryllic (ST-375) with very poor falling dart
performance at 72°F being exhibited by both.
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Iv. RECOMMENDATIONS

l. Process optimization studies should be performed on the BMNO-
253P, Zytel 211-P3, and Zytel 211-P104 rotating band systems to improve
the gunfire performance of these 20mm rotating band systems. Although
it is felt that all cspects of the fabrication process are worthy of investiga-
tion, several which have been briefly touched on in this effort, will be
especially mentioned because there is reason to believe that the performance
of the system could be readily improved by suitable manipulation of these
specific parameters. First, use of a mold temperature lower than 230°F
should be investigated to determine if a more amorphous and thereby more
flexible polymer structure could be obtained. Secondly, the degree of pre-
baking to which the 253P, P3, and P104 adhesives are subjected prior to
molding should be varied. It has been found that this can be a very signi-
ficant factor and that the degree of prebaking which is optimum can vary

from one band material to another.
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APPENDIX A

MATERIALS UTILIZED DURING 20mm
ROTATING BAND INVESTIGATION

The information listed in tables A-1 through A-4 identify not only the
band materials and band acdhesives evaluated in this effort, but also indicates

in what combinations the various band materials and adhesives were used.
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) Material
Designation
Dexon XPA-3
Dexon XPA-4
Tenite 6T91A
XT 375
Texin 591A
Noryl SE100
Noryl EN265
Rilsan BMNO
Zytel 42
Zytel 101
Zytel 105

Zytel 158

Zytel 211

-

Table A-1. Rotating Band Materials Investigated

Type of
Polymer

ethylene-propylene-~
acryllic acid terpolymer

ethylene-propylene-
acryllic acid terpolymer
thermoplastic polyester
acryllic

urethane

phenylene oxide-

filled, black

phenylene oxide

Nylon 11

Nylon 6/6 (hi-viscosity)
Nylon 6/6

Nylon 6/6 (filled,black)

Nylon 6/12

Nylon 6

31

Source

Exxon Chemical Co.
Baytown, Texas

Exxon Chemical Co.
Baytown, Texas

Eastman Chemical
Kingsport, Tenn,

American Cyanamid
Wayne, N.J.

Mobay Chemical Ca.
Pittsburgh, Pa.

General Electric
Selkirk, N.Y.

General Electric
Selkirk, N.Y.

Rilsan Corp.
Glenrock, N.J.

DuPont
Wilmington, Del.
DuPont
Wilmington, Del.

DuPont
Wilmington, Del,

DuPont
Wilmington, Del.

DuPont
Wilmington, Del.
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Table A-1,

Material
Designation

Polyamide L1901
Plaskon 8231
Plaskon 8233

Plaske * 8231/
Zytel 211 [50:50]

Plaskon 8231/
Zytel 211 [25:75)

Plaskon 8231/
L1901 [25:75]

Rotating Band Materials Investigated (concl.)

Type of
Polymer

Nylon 12
Nylon 6 (14% glass filled)
Nylon 6 (30% glass filled)
Nyloa 6 (7% siass filled)
Nylon 6 (3-1/2% glass filled)

Nylon 6/Nylon 12
(3-1/2% glass filled)

32

Source
Mobay Chemical Cn,
Pittsburgh, Pa.

Allied Chemical
Morristown, N.J,

Allied Chemical
Morristown, N.J,

-y o= -
- on e am

- - -




Table A-2. Adhesives Evaluated During Rotating

Material
Designation

253P
P3
P104
Loctite 307

FM53

rM238

FM10C0

Hysol 4405/
H81, 3538
Scotchelad 776
Scotcliveld 2214

Thixon AB 1153/66

Barnd Investigations

Type of
Adhesive_

epoxy type
epoxy-phenolic
epoxy-phenolic
urethane modified

acryllic

modified epoxy

nitrile phenolic

nylon epoxy

raodified epoxy
oil resistant elastomer
modified epoxy (filled)

rubber based achesive

33

Source

M&T Chemiczal Co.
Cincinnati, Chio

Rilsan Corporation
Glenrock, N.J.

Rilsan Corporation
Glenrock, N.J.

Loctite Corporation
Newington, Conn.

Bloomingdale Div. of
American Cyanamid
Havre de Grace, Md.

Bloomingdale Div. of

American Cyanamid
Havre de Grace, Md.

Bloomingdaie Div. of
American Cyanamid
Havre de Grace, Md.

Eysol
New York, N.Y.

IM
Wayne, Mich.

M
Wayne, Mich.

Dayten Chemical Prod.
West Alexandria, Ohio




Table A-3. Adhesive Primers Utilized During
Rotating Band Studies

Material Recommended
Designation Source For Use With
BR-1009 Bloomingdale Div. of FM1000

American Cyanamid
Havre de Grace, Md.

BR-238 Bloomingdale Div. of FM238
American Cyanamid
Havre de Grace, Md.

BR-53 Bloomingdale Div. of FMS53
American Cyanamid
Havre de Grace, Md.

Locquik T Loctite Corporation Loctite 307
Newington, Conn.

-~ ———
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Table A-4. Rotating Band Material/Adhesive/Primer
Combinalions Investigated

Comb.

_No._ Band Material Adhesive Primer
1 Dexon XPA3 None None
2 Dexon XPA4 None None
3 Tenite 6 T-91A Loctite 307 Lockquik T
4 XT 375 FM1000 BR 1009
5 XT 375 FM238 BR 238
6 XT 375 Scotchclad 776 None
7 XT 375 Scotchweld 2214 None
8 XT 375 Thixon AB1153/66 None
9 Texin 591A Thixon AB1153/66 None

10 Noryl SE100 FM1000 BR 1009

11 Noryl EN265 ¥FM1000 BR 1009

12 Noryl EN265 FM1000 BR 53

13 Noryl EN265 FM53 None

14 Noryl EN265 FM53 BR 53

15 Noryl EN265 FMS53 253P

16 Noryl EN265 Hysol 4405/ None

H81,3538
17 Rilsan BMNO 253P None
18 Rilsan BMNO P3 None

19 Polyamide L1901 253P None

20 Zytel 42 253P None

21 Zytel 42 P3 None

22 Zytel 42 P104 None

23 Zytel 42 FM1000 BR 1009

24 Zytel 101 FM1000 BR 1009

25 Zytel 101 253P None
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Comb.
_No.
26
27
28
29
30
3]
32
33
34
35
36
37
38
39
40
41
42
43
44

4L
46
47
48

49

Table A-4. Rotating Band Material/Adhesive/Primer

Combinations Investigated (concl.)

Band Material

Zytel 101
Zytel 105
Zytel 158
Zytel 158
Zytel 158
Zytel 158
Zytel 211
Zytel 211
Zytel 211
Zytel 211
Zytel 211
Zytel 211
Plaskon 8233
Plaskon 8233
Plaskon 8233
Plaskon 8231
Piaskon 8231
Plaskon 8231

Plaskon 8231/
Zytel 211 [50:50]

Plaskon 8231/
Zytel 211 [50:50]

Plaskon 8231/
Zytel 211 [25:75]

Plaskon 8231/
Zytel 211 [25:75]

Plaskon 8231/
Zytel 211 [25:75]

Plaskon 8231/
L1901 [25:75]

Adhesive

P3
253P
FM1000
253P
P3

P104
253p

P3

P104
FM238
FM1000
FM53U0
253p
P3
P104
253P
P3

P104
253P

P3

253P

P3

P104

253P

Primer

None
None
BR 1009
None
None
None
None
None
None
BR 238
BR 1009

BR 53
None
None
None
None
None
Hone

None

None

None

None

None

None




MOLDING PAKAMETERS AND BOHDING PRCOCEDUKES
USEDR TU FaBRICATE PILASTIC ROTATING BANDS

Forty-nine comkinations of band mnateris}/adhesivefprimer were
fabricated and evaiuated curing thiz program. XNumerous processing varia-

tions were also superin.oosed upon these forty-nine <ombinations to vield

~ O
T

*

o]

O
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w

[ &

ot

=3

a grand total of over ore hundred materizl g comirinations. Each
of these combinations are describad in this section and the specific proces-
sing conditions and molding parameters used icr each combination are also

listed. Recognizing that this is a cumbersome amount of informaticn to

™

present and that it is highly desirable to orzamize it cuch that the time re-
quired to comprehend it is minimized, the inforn:stion has been divided
into two sections. The first section presents the pertinent detzils needed
to identify e~ch material/adhesive combination and the surface prepara-
tion and adhesive application procedures used for that particular combin-
ation. It also refers the reader to the appropriate moldinyg parameters
utilized for that combination. The second section contains copies of the
injection molding data records and indicates the temperatures, pressures,

times, and machine settings used to injection mold each set of specimens

discussed in this report.

Each table and record sheet contains identifying sawple set and speci-
men numbers for cross referencing with the test data presented in Appendix C
and Section IIE and also designates, uy name and number, the band material.
It should be kept in mind that during the early months of the investigations,
because of a shortage of projectiles, some were used over a second time.
This lead to the same sample number occasionally appearing twice in the
accompanying tables, even though the band, adhesive, or processing condi-

tions were different for the two different occasions.
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APPENDIX C
TEST DATA

This section presents the results of both falling dart screening tests
and gunfire tests conducted upon samples of all the different rotating band/
adhesive/processing variable combinations investigated during this pro-
gram. The information is organized so the reader can cross reference
the test results obtained for any single specimen with the processing and
molding parameters used in the fabrication of that specimen and tabulated
in Appendix B. The notations Pl through P14 and Ml through Ml5 refer,
respectively, to the sheet numbers upon which the processing or molding

data is recorded in Appendix B.
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Sheet No. D1

- ST
B |a fosi(s |
.‘.3.‘ NEE 3"‘,\, ¢ o Typel Test Obaerved
[ <o d - oye o
T k& o f,d 258 of {Temp.|Other Test Data Test Additional comments on
AE S Elsilnsdirest| (70) Result |  Test Results
e Ce o, ] O ) ~
,§'/_ w Alan |94
) 50-1 yp ? Fall.p 95 ai Band{racturcd and debonded
z P Pl M dn et > Fail {rom_suustrate.
atl. . . Band fracturcd and dcbonded
2 {50-2§ Pl | M1 |pagtf 75 Fail  ltrom substrate.
2 [so-3{p1 | My |Qun | 75 Fail [Entire band lost.
2 {so-s{p1 | M i“r“p 75 Fail |Entirc band lost.
SR
4 182-3] P1 Ml [Falll] 75 “These seven Fajl |Slight fracturing.
Dart camnles were Substantial debonding.
™ mituction n(‘dt- . .
4 [50-1} ¥ Ml ;)‘:‘1}{ 75 { cd to 2 variety ‘ Fail Fracture and debonding.
- \ all. s i of dificrent wai Slight fracturing
4 [70-5 P Ml NDart 5 \ temve. tocn- / Fail Substantial 6cho-'m"1g
Fall, hance sur‘acc [Slight fracturing.
4 |85-1| P Ml Dart] 75 l wetting. All Fail Substantial dcbondmsz.
Fall. he sampl . .
4 150-5|py | M1 Daill 75 / ‘L“f’;:,‘g?cph.ef?w Fail No fracture, some debonding.
rail. 2 miax. temp, of .z = ;
4 153-6{ ¢ Ml |pape]| 75 f gooof(‘&i“’f, ot Fail Fracture, complete debonding
Fall. THCIT VEg10US g -
4 [AG [P | ML |f :;lt 75 \‘z duct. heating Fail |No fracture, some debonding,
a: cehedules
" Fall, . Band fractured and debonded
6 I53-1|p1 M naee] 75 Faijl {rom substrate.
Fall. ; ractur : :
6 Is3-slp M1 75 Fail Band fractured and debonded
Dart from substrate.
- . {Gun .
6 153-3IP1 | 2 L.l 75 Tail  |Entire band lost,
Lun .
6 I53-4f ™ MU (L] 75 Fail |Entire band lost.
vall fThese seven . Fracture
T 150-41 P M 75 Fail - :
Dart | samples were iSubstantial debendine. i
L. fFalll . mcuct. heated —- Fracture.
7 150-6{ P ML paye] 75 l {0 a variety of I Fail Svbetantial febonding,
Fa diiterent temps. : Tracture,
7 |p0-3i Pl il b}«lzlt' 75 ter”‘”mm sur- f ail L‘v-.zbs::mnal debonding
s RS B Lice voitind.ail ra fraciure.
7 70-1 ! R Dart 75 ( the zamvles g 1 Snbetaranl debondine,
. , Fallld j ultimatelv saw [ . Fracture.
7 150-2i 1 | Ml |mare] 75 , a max. temo. Fail  kybstantial debondina.
7 170-6] P MR 7s o1 300Y1" during rail Fracture.
Dert therr varinus ivhstartial dobondine,
‘ Fall induct, heating - “racture.
53-%x| P 1 b - : .
7 B3-x| M Ml Iparel 75 \ odulos, "J Fail Substantial debondine,
8 [o3-17 171 M1 s all. - fail Fraclure.
7 Dart 5 Fail fubstantial debondine.
8 Is:24|Pi | Al |Falll) 75 Fail |l'racture.
Dart Hubstantial debondinn,
R > NTHINAE . Band tracturcdq and
9 |00-3} b1 M2 oy 5 Fail entirelv debon-ied,
9 Ho-51 11 a2 Al 1s Fail Band {ractured and
PDart entirelv detended,
. [ att, . Sheht fracture,
10 [20-41 121 N2 Dt 75 Fail Substarnial debanding,
10 [20-7] 11 M2 Y‘;di‘ - 05 Fail Fracture and debondng,
. a1t
10 Po-glm e }):"l' 6 Pass [No fracture or debonding,
10 lo-1d 11 2 llhd:lr <65 Fail racturce and deboudine.
68
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20 mam ROTATING BAND TEST DATA ;Shcct No. D»n2
D
& ]. o 13 -
T p b g‘;,‘,m ,O‘zf rype] Test Observed
£e f ol G °,U €l «f {Temp|Other Test Data Test Additional corninents on
B g § {, ‘g;’,’) 35;\' Teot)] (£9) Result Tecst Results
Zjo Aan |97
r—11«_-4 65-1] P2 | M2 Pall. ) Fail No fracturciut entire
Dait band debonded
1*all. Onlyimpacied with- s NO fracture but entare
1 [65-5) Pz M2 Dart s ft.1bs. ratherthan 8. Fail band debonded.
- IR . Fracture and
12 65~} P2} M2 ll)(:‘:::‘,t 5 Fail comnlete debandina,
13 ho-1] Peive lparel 75 Pass
13 J10-1t P2 e (Falla Lgs Fail Fracture and
Dart partial debonding.
O
13 ho-z] p2ima (B2 s Pass
R S Fail.f _ i Fracture and
13 Ji0-2} PeimMz |nZic) -85 Faill | oontial debanding,
13 [1-3) P2 M2 {Fallll 75 Pass
Dart
- i Fall.} - Fail Fracture and
13 [10-3| Pz Mz |Hall.| -65 ! partial debonding.
rail
14 1o-1yp2 | M2 {part] 75 Pass
Fall . : Fracture and
14 J10-N|pz | M2 Dart -65 Fail partial debonding.
14 h0-12| P2 M2 ;z;all 75 Pass
Dart
e rall i Fracture and
14 [10-12 M2 [£¢ -65 Fail racture
pz Dart partial debonding.
- - 10-15 M2 ke auif —65 jCnlyimpacteawith 2 R
14 P2 Dart , > ft.1bs. instead of 8, Pass
- i 1
157 fo-1dpr | vz B3| 55 Pass
- - Tall rai Fracture and
157 017 p2 | M2 N2 -65 Fail
P p2 Dart partial debonding.
15 Qo py | a2 2] 75 Pass
5 7 10-18 2 [Tell ] g3 Fail ¥Fracture and
15 10-18) pp M2 l)a:x 65 vartial debandine.
10-16] all. | -5 [impacted wath < ft. s Fracture and
15 pe Mz dnrt °° ihe drmerpnd ol 8 rail gar:?f‘x\.‘rga’oogdinq.
15 110-19) p2 M2 ptall.| <05 |Impacted with 3 ft. Pass
Jait Ibs. instead of 8
N S rail 75 = aj Fracture and
16|34 6l Pe M9 Dart ? Fail total debonding.
Fail . Fracture and
17 1334 P2} M9 Bore 7> Fail substantial debonding.
18 30-1] P2 My jrail (e Fail Fractvre and
Il‘;.‘rl: rartial éebardine,
L e all. R ] Fracture and
19 [31-1] P2 MY |pay 75 Fail total debondine,
20 B2-s| r2in9 ) all. 75 Fail Fracture and
Dart substantial debonding.
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20 mm ROTATING BAND TEST DATA SR - Shect No, — D3- ===~ -

{
o
Q

§ |z |oF |3 , A S ———
RN R T Typec] Test Obsecrved
5 .zf:j RSl el 2,. ?5 8 of {Temp.|Other Test Data Tecst Additional comments on
3RS E 0o} 0% A Test) (FO) Result Test Results
Slallon [g= .
Ao Aan |5
’ 30-5] P3 jm3 i all. Impacted with 2 ft. 3 is
“ Part| 0 1b. instead of 8. Fail Complete debonding.
‘ 22 {80-3! P3I M3 Fall., 75 Pass
Dart
2z 180-4] P3 M3 g:}'ﬂ’ 5 Fail Large section lost.
(‘ -
22 [80-2| P3 M3 R | -65 Fail | Half of band lost.
22 [g0-5| P3 M3 {Gun | -65 Faili | Most of band lost.
- Gun s A ce,
22 [80-6] P3 |M3 Piro 165 Pass Slight fraying on rear edge -
N Fall,
S 23 I50-51 P3 {M3 [Dart 75 Pass
23 [go-9| P3 M3 [ER | 73 - Pass
2 23 [53-5]| P3 |M3 |GUR | 75 ] Pass
7 Fire
] 23 |65-4] P3 |M3 gﬁf‘o 75° C - Pass
: 4 {Gun e i Small piece oil front edge.
. 23 [s3-4|P3 w3 [QU2 | s | - - - - Fail. | RT7%t of band OK.
s 23 |6s-5| P3 [M3 |Cun| _¢s e e Pass
‘. }:‘n‘o
g’i 23 lgo-3|p3 [M3 [HPR | 165 .- Pass
% 23 |go0-8] P3 M3 ‘Q;‘I{‘c 165 . Pass

32
Ql
=
ol

* 23, 153-3| P3 M3 Fire 165 C e e e Piss
Cun
; 23 les-6|P3 | M3 [Tun | 15 - —w - | pass
: 24 [so1s| P3 |3 [E0] 75 | L - Pass
i ar
24 180415 P3 rall.] 155
5 - M3 Part e e . Pass
< 1
24 Jsozqps |m3 B3 75 | oo oo i Pass
24 8020 3 |Fall.| -65 ; Fracture and
1’4: - p3 |M Dart A F Fail partial debonding.
; 24 Igo2sP3 [m3 [FRU] 75 e
% N DNart Pass
g 25 8028 P3 | a3 g;‘l}‘_ 75 - . Pass'
:Q‘ 25 [so2gP3 |m> ;«:11{- 65 L ~ail Fraﬁ?‘xr: ggdd_nq
i : i partial debonding.
1 25 1ge3d 3 [wm3 [Eall] -65 ol Very slipght fracture
i Dart - PMeTeinal) ad debondine.
H i Fail,
: 25 8039 P3 a3 RALVT 7S e Pass
1y 25 1803 M3 Eall ] -6s i Fracture and
;2:» l 13 Dart o Fai partial debondine,
Fall.,
; 26 182-31 P3| M3 Dart 75 Pass
;
i,
»
;ﬁ g
i
g .
!
§ »
%: i .




20 mm ROTATING BDAND TEST DATA Sheet No. D4
e 1o g
‘, w] o 3',’;{_ ¢ Type} Test Observed
‘[‘, P E ol 3;; .g,_,- £ of {Temp.] Other Test Data Test Additional comments on
3 5 g g G o 3—55 Test| (F°) . Result Test Results
gz o 4S8 194
. Fall.
27 |82-3| P3 | M3 Ipart 75 L Pacgs
Gun
27 [82-11P3 M3 |Fire 75 Fail Most of band is lost.
G -
27 |82-4|P3 M3 ?I‘x{’e 14 Pass
Gun
27 182-5123 | M3 |Firel 75 Fail Rear half of band lost.
- Sun ] Smali preces lost off rear
27 182-6{P3 | M3 Ifire 75 Fail half of band.
_ i="all, Impacted with 13 ft, Enptire band debonded. No
28 {85-3] P3 | M4 [Dart | 75 |lib. instead of 8. Fail fracture. '
pall. impacticd with 2 ft, - :
28 [85-4] p3 M4 Dart 75 {ib. instcad of 8§ Fail No fracture. Some debonding.
| rall, mpactca with 4 It. Small amount of debonding,
29 [85-1lp3 N4 artj 75 jib. instead of 8. Fail Nc fracture.
Fall,
29 [85-5lp3 | nea [Dave| 75 Pass
HEYIN
30 {85-1{ P3 | M4 Dart} 75 - Pass
iSun
30°185-2| P3 | M4 [Fire| 75 Tt T Pass
un
30 185-31P3 | M4t Fire} 75 - Pass
Gun
30 |85-4]P3 | M4 |[Fire] 75 |~ "=~ | Pass
30 [85-5| p3 | ma 89| 75 ) Pass
Gun
30 [85-6| p3 | M4 IFire:| 75 Pass
rall,
31 P5-13f P3| M4 |{Dart:f 75 e e Pass
Fall
3:Bs-17| p3 | M |part] 78 c o o ——-—-—- | Pass
- rall
31_p5-24|P3 | Mg Dart| 75 - m e e - Pass
| Fall. ; . ",
3} B5-24| P3 | M4 Dart| -65 - Fail Slight fracture and debonding
Lall,
31 B5-28) p3 | M4 |Dart!] 75 - - Pass
Fall,
31 P5-B| P3| M4 {part | 155 Pass
Fall
32 [70-5] P4 M5 IDart 75 Pass
Fall
32 {70-2§ P4 | NS Ina e 75 Fail Entire.band missing,
Fall
32 170-3] P4 | MS [Dart] 75 Tail Fontire band missine,
Fall
32 [70-4] P4 MS IDart] 75 - Fail Entirce band missing.
; A No [racturc but citire
3 [75-4] 1y M5 D art 75 Fail band debonded.
Fatl. [mpacted with 4 ft,
34 175-1) pa 5 ”_-"t 75 Nb. instead of 8. Fail some {ractui¢ and debondina,

7
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20 mm ROTATING BAND TIEST DATA h Sheet No. D5
vy e L
& - log IS
PN o oy g;( ;?5-3 Typej Teat Observed
?: 5 { <l Z; 35 & of {Tcmp.|Other Test Data Test Additional comments on
o g o § 028 Al Test] (#° Result Tcst Results
E257 388 |37
: Yail,
35 {76-51 w4 | M5 [Dartjy 75 Fass
Gun
35 [75-3] P4 | m5 | Fire]l 75 Fail Entirc band lost.
.- Cun .
35 I715-61 P4 | ns ri—;.-,. 75 Fail Scveral parts of band lest.
Fall, . Fiacture and
36 50-1| P4 | M5 Dart 75 Fail partial debondine,
Gun D
36 15-10 P4 | M5 JFirel 75 Fail Entire band lost.
IFali,
37 15-13) P4 | M5 |Dart] 75 Pass )
Fall, — Fracture and
37 [15-13) pa | M 5arcy -65 Fail Sartial debonding.
Gun
37 [15-12) p4 | M5 {Firel 75 Fail Band almost entirely lost.
Gur . .
37 514 pa | M5 rﬁv—:, 75 Pass Slight fraying at rear edge.
Con Photo biurred. Hard to rell
37 5150 Pa | a1s boiee 75 Pass condition of
Fall, _
38 [5-171 P4 | MS [Dart 75 Pass
L‘:‘all. . . . i
38 is-21l P4 | M5 Bart | =65 |- Fail Fracture and debonding.
Fail. Impacted at 4 It.
38 |5-231 P4 | M3 IDave | <65 Eb. instead of 8. Fail Fracture and debonding.
Fadl. , impacted at + ft. .
_}_8 [75-251 P4 | M5 f);_m -55 lb.pxtﬁscti;a}l NES Fail F-acture and debonding.
Falt.
39 {15-B P4 | M5 IDo-rl 75 - - - Pass
"all. Impacted at b {t. Fiacture and
39 5.4 P4 | M5 |part] -65 {lbs. instead of 8. Fail debonding.
, welldf Fracture and
-40 177-61 P4 | No !qu-( 75 T T Fail partial debonding.
Fail, _ . ) Fracture and
40 |77-8] P4 | N (Davef 5| o7 Fail part:al debonding.
rall.
40 7781 P4 | MA s {-165 - meim - Pass
Fall . Fracture and
417|771 PaTi 6 dnarg) 757 Fail vartial debonding
Fall R . . Frmacturc and
41 |177-4] P4 | N6 Dart 75~ Fail jartial debonding,
Fall . Veiy sheist fracture and
42 176-1 v | 26 IDavt| 73 Pass whonding,
1all ¥Frcture and
42 176-t1 ps | 26 ID~rt] 65 - Fail rartial debonding,
Fall
42 116-60 PS | N6 |Dart] 75T (7T T Pass
Fall o - Fricture and
-42°176-6{ P5 | nih [art] <05 Fail partial debondine.
sun ] _ Very small prece lost from
42 |76-3) Ps | N6 |rire] 75 o Pass rear cdee.
un Scverdd smaltl chunks ott
42 176-4] vs § N6 [Fare] 78 Fail frent and rear.
Gun
42 1767 s | a6 1rire| 75 Fail Onc-forrth of band lost.
(%
42 {7681 vad a6 [NV 75 Fail | Lacge nece lost,

12
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20 mym ROTATING BAND TEST DATA Shect Nc, D6
§ | lo¢ s Y
‘.g AER g'L;(, @1 Typc| Test Observed
5 5 E of ‘S;; 90,‘“ of |Temp.fOther Test Data Test Additional comments on
s g ;,Lg g;:;q 86 Al Test| (F°) Result Tecst Results
Ny 3¢ ~
,§ Z|w %o |34
: Fall. 3
43 |%-2{ PS5 | M6 |Dart| 75 Pass
Fall, Fracturc and
43 -39 P5 { M6 Part | -65 ‘Fail partial debonding, ]
- Fhoto blurred but Iooks OK.
43 |76-10 P35 M6 @Rt 7y Pass | May be fravine.
- . Gun —]
43 [76-14 P5 | M6 1¥)-a] 75 Fail _{Small peice off rear edos,
Gun . Proto blurred but looks OK,
43 |®%-29 ps | M6 | Fir 75 Pass IMav have loct small iece.
Gun Photo blurred but looks OX, May
43 |%-28) P5 | M6 [Fire 75 Pas: have lost small piece on rear edge.
- Gun Proto blurred ott some
43 |- P5 | M6 |Fire| 75 Fail pieces look lost,
Fall.
44 IC’)-ZJ P5 M6 Dare 75 Pass
Ao rall, : Fracture and
44 1%6-35| P5 | M6 [Dart| -65° Fail shight debhonding.
Gun Proto blurred but large
44 1%6-5|Ps | M6 | Fird 75 Fail chunk appears missing.
- Fall. Very <mall chip at rear
45 |16-43 P5 | M6 |Dart| 75 Pass eage. No debonding.
rall, impacted with 4 {t. - .
45 |%B-23Ps | M6 |Dart] 65 |15, instead of 8. Fail |Fracture and debonding.
B Fall., impacied wita ¢ It. i>mail cnips at front and rear
46 |%-631P5 | M6 |Dart] 175 Ib. instead of 8. Pass edges. No debonding.
JESI
46 |%-67l ps | M6 |Dartf -5 Fail Fracture and debonding.
- Falll - Fracture and
47 l67-16) P6 | M7 Ipart] 75 Fail partial debonding,
i , , rall, . Fracture and
47157161 P6 | M7 | Dart] 245 Fail oartial debonding,
, Lall, I“racture and
47 br-2{pe | M7 1DasY 75 Fail varti2] debonding, i
- Fall. e r'racture and
48 B7-2ips | M7 |Dart 75 Fail partial debonding.
Fall, - - ) rraciure and i
48 |57-35P6 | M7 [Dart 75 Fail partial debonding., i
. Fall. - Fracture and j
49 Br1-451P6 | M7 Dart! 75 ¥ail partial debondine. i
Fall, Fracture ang 1
50 7.0l P6 | M7 Dart] 75 Fail partial debonding, |
- <all, - e - rracture and ,‘
51 |68-2|p6 | M7 Dact| 75 Fail substantizl debonding. 1
=alll
51 {68-¢{ ps M7 Dt} 78 Fail [Slieht fravture ani debondine i
Talll] - Tractire and {
52 I8-1|p6 | M7 D_‘“'t_ 75 Fail __partial debonding, .l
) ralll Practure ana . z
53 VE-¥lprs | a7 Dn:.l_ 75 Fail ~tbst \:_\i»._\l:igf:ﬁ(_i_i_nz.
- Fall, - Fracture and !
24 [B-ay Db |z IPast] 75 —f_Fail | pictialdebonding.
rdj. Fracture and
55 18-, 6 | M7 7\_rt_ 75 Tail _paztial dehonding, .
[ Wl Yractare and
Y3 .i"‘l »7 _MS-.I\_".” 7% Fail nartial ".-‘xnmij.jg._»
B TR ] . Tractuie and
57 [aonl pr? MB Dart{ 75 Fail partind <?.-!3<\rﬁi_i_r3_x'.
- r Fall. Fracture ana
S71-12107 | m8 |Daer| 75 Fail partial dehonding,
S TR AT T .. Fracture and
58 |12-6 P71 M8 foart) 78 _ Fail ~partial dobheadingae o
73
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20 mm ROTATING BAND TEST DATA Sheet No. D7
p— CYRA
E | |os |9
7ol O ule few Type| Teat Obacrved
}f 5 R B oal 2.3 8 of |Temp.|Other Test Data Test Additional comments on -
o {; E E §§f3 Uaé Test| (F°) Result Teat Results
Zlw Ao |37 )
: Fall. Fracturce and
s9i2-Nf P7 | MR [Dartf 75 - Fail partial debonding.
Fall, Fractlurc and
59l2-12| P7 | M8 {Dart| 75 Fail partial debonding.
* Fall. . Y racturc and
60]40-8} P7 | M8 [Dart| 75 Fail partial debonding.
Fall, Fracture and
61 |90-11] P7 | M8 [Dart] 75 Fail partial dcbonding.
[~ rall, I'raciare and
61 j40-12) P7 | M8 [Dart} 75 Fail partial debonding.
Fall. No {fracturc. Very shgnt
62{13-2) P7 | M8 |Dart| 75 Pass dcbonding.
Fall.} rracture and
62143-4| P8 | M8 IDart i 5 Fail partial debonding. .
= all, No fracture.
63i90-1] r3 { My0fPart] 75 Fail Partial debonding.
rall, - No {racture,
63)05-b( P8 | M10|Dart| 75 Fail ” Partial debonding.
- Fall, -
64fv-11] P8 | MigDart| 75 Pass
Fall,
64]90-15 P8 M10|Dart 75 Pass
[Fall., - - - - Fracture and substantial
6410-19 pg | M10IDart | -65 Fail debonding.
. Fall, [ R
64[90-18) P8 | M10|Part] 75 Pass
e all, [ (P
64190-19) P8 | M10Dart 75 Pass
Yall, - - . Fracture and substantial
64l0- 1 pg | MiofDart] -65 Fail adcel*‘;londirxzxg.
. . ¥all. . - No {racture. Shight
fdlos.2l pg | M10[Dart]| 15 Fail debonding.
Fall. .. e e emmme - Fracture and substantial
b4 ©-21 P8 | M10Mart| -65 Fail ebonding.
. Fall. R . Noiraclure. Some
6410-2] PS | M10{n,p¢l 75 Fail debonding.
rall. - I No.{ract . Shgnt
6410-23] P8 | M10 f):\.rt 5 Fail ! ojgggnl:lx;rcmg. '8
R . JFall. I Fracture and substantial
| 64{0-23 P8 | M10|Dart] -65 Fail debonding.
Gun -
641y,_13| P8 | M10[Fire| 75 Pass |Slicht fraying at rear.
. Gun - .
6410-14] P8 | Mio) Firg 75 “ail  |Substantial piece lost.
Gun . . .
6410-16{ P8 | M10| Fire| 75 Fail' |Substantial picce lost.
Gun
640170 P8 | MIOiFire| 75 i - T Fail [Substratial piece lost.
Fall. . Fracture and .
* (51043 P8 | M10|Dart} 75 T 7 7] 7 Fail partizl debonding.
.
r—_
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; 20 1nm ROTATING BAND TEST DATA Sheet No. D8
< r__ e 3 ]
.‘g . g . g-:_;f ¢ Lype] Test Observed
'!:;; Eglcos b ; of |Temp.|Other Tecst Data -Test Additional comments on
n 'f; § f; g;?l 3§d Test (¥°) Resnlt Test Results
B35 %3 137
T Fall, B
66 [0-64 3 | M1 |PDaxt] 75 Pass
i . Fall. Dand had 15 and £ bevels fracture and
66 190-5Y p3 | M1 [Dart] -65 | enfroctsnd raar céges. " Fail dcbording.
Gun _ .
66 (0064 3 |1 iFirel 75 Pass . :
- Gun
66 15-55 F3 M1t |Fice] 75 Pass
- Gun
66 - |0-71] PR | M11|Firel 75 Pass
Gon Thoto dark. Looxs OX but may
66 077 =3 M1 Fire 15 Pass te -h:‘.;: fraying and small
L - had picces Jost.
Gun - Photo.blurred. Looks OK but .
66 {082 13 M1 { Faire] 75 . Pass |may be sliaht fraying... ut
— Gun Bané had 15° and £° beyels |
66 }0-64 23 w11 [Fir 15 oa froat and rear edges. Pass
Gun Band hae 15° 322 6° bevels .
66 0.568 38 1M1 IFire 75 ca front and x::r td::!. Pass
. 3 Gun {. 73 Band ad 15° anc 6° bevels
66 07 P M1l [Fire ) ca froat and rear edges. Pass
. Gun Band had 1459 azd 6° bevels - X
66 m_-]() 23 | M1 1 | Fire 75 on front and rear edscs. Pass .
Gun Baed had 15° and €° bevels .
66 1089 P3 |M11 |Five] 75 | catromant resr ctser. Pass
uy -
a3 Band had 15° and 6° bevel . 3
66 0-62] PS | M1y Firel -65 o3 {roat and ::;.' c.‘.:e:.t i Pass 3 .
Gun .- facd had 15° and 6Y bevet -
66 060 PR N1l | Firel ~02 t‘t: lrcr.: and rear rd::a.c * Pass
66 0-72 P8 M1l g_un 65 !hn,d had 152 and 6° tevels ot Lax:gc piece missing
- 1 >iref ~ cn fror: and vear edzes, X ail & .
B Gun Band had 159 and 6° bevels
66 m_78 ps M1 Fire -65 on {rort and rear edges. 'Pass
Photo hard to {rterprei. May
Gun Pazd kad 159 and €° bevels - L
66 %-83 Ps M1 1 Fire -65 e:nl:ort and :u.- edges.‘ Fail E:\?l.l-:i::ty have lost very
CGun Dand had 15° arnd (° Sevels _
66 0-63] P8 M1l | Firel 165 oa frent 2ad rear cdges, Pass .
Gun Daed kad 159 and 6° Sevel Fnoto dark ana bilurred. May
{’_6' (0-67 P8 |M1l [ Tire 165 :arlron: ard rear eﬁ':s. ’ rail be OK.
Gun Band had 15° and 6° bevels Paoto blurred. Appears to
66 x)_’l‘f, P8 M1l | Fire 165 oa front and rear edges. Fail be Slight fraying.
Gun Band had 15° 1nd 62 bevels H
66 0-80! S IM1Y {Fire 165 on front and rear cdges, Pass
- Photo dark Tt
56 Gl.‘n Dand had 15° 3nd 6° bevels be OK o:rm:;ifi‘:';:u. :::y
o 0-84) P8 Mlif Firef 165 on front sad Tear cdges. Fail small piece. ’
T ail. . . INo fracture. Slight
67 -6 s | Mi0|part] 75 Fail dcbonding. °
Fall.
67 M-10f Ps [NM10 {Dart] 75 Pass
67 all. Fracturc and -
N-10] P8 fng10 jDart] =65 Fail partial debonding, .
all ’
67 191-51 PR {nf10 |Dart| -65 Pass

5
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20 mxm ROTATING BAND TEST DATA

Sheet No. D9

~e VU

6§ | |of |0 .
3 oalo ot 3':,‘,’ =t |Type] Test Obscrved
< 8 L . - Z’.;; Ag:-é £l of |Tcmp.Other Test Data Teot additionzl commients on
5 E| Y B[O U353 A|Test] (¥°) Result Test Results
7| & 750 |8
- - D)
] Fall. ¥
68 lot21] P8 |Mi0|Dart 15 Pass
- Fali. Fracture and :
68 lg.24} ra In10 |Dart] -65 Fail rartial debonding. 3
Gun -, No picces lost but some
68 loy 23| P8 I Mi10lFi-¢l 75 Fail K-ayinq cevident.,
Gun
68 lm=27] P8 {M10 |Firel 75 Pzss
— Gun No preces fost but Iimitea -
68 lg1-23| P8 |M10|Fire] 75 Fail fraying.
Gun
68 {9-34] P38 MO {Firel 75 Pass
— iGu_—; . Raad had 152 and {° bevels
68 pPi-17] P3 {M10 I‘Fi e 75 o1 frozt ard rear =dges. Pass
Gun Basd hod 15° and 6° Sevels Photo da::k. May be small
68 hr-18] P8 IMI10 | Fire] 75 ©0a front and rear edzes. Pass picce lost irom rear edge.
‘ un Band had 15° and (° bevels
68 121 P8 M10 Tivel 75 on fro=t and rear cd3cs. Pass
Gun Dand had 15° a2d £° Sevels
68 N .29 P8 l M10 1Tirel 75 cr. frent and rear edgu.e Pass
68 :)l 32| »3 M1lo0 (,:.‘.ln 75 Band 124 15° 2n 62 bevels . ’
-, s ) 2ire 2 on front and cear edges. >3S8
Gun - Band had 15° and 6% bevels . Photo dark. May be small
68 91.19f P8 {Mm10 IFire] -65 on {ront and rear edred. Pass oiece lost from rear edge.
Gun Bazd had 190 2~d £0 L, s Smali piece lost irom
68 91_26 Pg M10 Tire _6 5 on fro=t and rear edses. *ai) rear edge.
Gun Band had 15° 1nd b” bevele
68 G1-30 P8 »10 Fire -65 oz front and rear edges. Pass
Gun Band had 15° and £° bevele Smail piece lost irom
68 9i-33] P8 I M10 | Firel ~65 o:r;-o:t. and rear edpes. Fail rear edge.
Gun °
. Band bad 15° ard 6° bevels
68 91-11| P8 | M10 {Fire| 165 en froet and rear edges. Pasgs )
68 (_}_\_m Ban¢ had 15° and §° bevels f’;utf‘:‘:- bll:rr.:vf:‘}?.l?;‘bt
. 9]-] 2 P8 M10 |Fire ]6 5 on front and rear edges. Pass l::m ':‘:t:‘\:. P |
G'un Daed 3ad 15° and 6° Bevels .
68 9]_16 Pe \/10 Tire 165 on fro=t and rea= edzes. Pass
gun . Dand kad 15° and ¢° bevels ’
68 9125 P8 IMiI0 Hire :63 or. {ront and gear cdges. Pags
6 Gun Band had 15° and £° bevels : Very slight iraying at
8 91.35{ P8 [M10 |Fire 165 on {ront 3nd rear edges. Pass rear cdge.
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g 20 wmny ROTATING DAND TESYT DATA Sheet No... .. D10
i 5 B s J
: .g . G ales low {Typd Teat Obscrved
: - - 2 [ £4 e o~ P
gg £e £ f;' -?:';c 22 % of {Temp.|Tther Test Data Teat Additionzl commments on
5L} B 2|2 Bl test] (FO) Result Test Results
£ !_- E NS ?’ v o,
#, d.’. vy 7-} a1, -3
= o £all,
g 69 |n1-60 S| Micly | 75 Pase
= P Tall. - s Fracturc and
& 1-66 N -65 ail Sovemt -
N 69° PS{ m10 Dart Fai partizl debonding.
v Sanl| oo
g 6919154 P8 amiolna,l 75 Pass
3 58 call.| _45 Fai Fracturc and
. 69155 P§| Mm10 Dart °> i1 substantial debondineg.
< =all.
f“ 69191-54 D3| M10|par 75 l Pass
§ g - =all. - Fai No fracture
L] - 4 - ra . AP
i 69159 pe| MIO|, 65 11 Slicht debondine.
: - 43 pel aioiFall.] _g5 [BanchacisvEoY devels | rail Fracture znd
: 69 N-4i .Pe ! Dart l > n frent and sear cdees. nartial dedondina.
g R Oun . Pitotodark & blurred. E\’ar be
¥ 6991-3§ psi M0 |=ive 75 Fail OX but may hzve lost small
§ dicce.
i3 Sun
H 6919147 psl MioiFize ] 75 Pass
? o1sd « o [cun 25" May be-tiny iragment
i 6919154 Ps| M0 =7, Pass oif at rear cdee.
5 =
3 69{91-56 »g] M10Z 1 75 Pass
: Gun _ Bandhadl5 & 6°bevels Some fraying at rear
: 69 Pi-43 8| M10 Tire 75 n front and rear cdees. Pass cdge.
: 69 P1-44 8| yaol®m | 5 Sandhad 159 & 0 b‘-é”-" Dass nge iraying at rear
“ - i n front SnC Se2r cdges,| ae.
:* :-.re ..;‘:nu nad I'J"aco bevels e
’ 69 P1-53 P8| vag g?}-‘n 75 Ln front and rear eéace] P2SS
, . Su ~. |eandiaclsv < ovpevels
H 69 P1-53 P3| M10 :‘;ir)c f>  bon fromt snd roar cdges.] D@SS
} 69 )-1_57 gl Ml0 Sun 75 3and nadl5Y & 6% bevels Pass May be very slight

- Fire pn front 2nd rear edges. raying.

73 Pk 3o 2 o~ ¢ - S
; 69 )1--}7 Ps| w10 ?'_,‘:_’?c -65 lr.): ‘ff-r(‘::d _:\_occ::c.:: ail ig.;:llcg"%cc lost from
}f 69 P-4 psl ano Iq.m &5 [2anchadls® & 6% bevels ’ Pass *hotodark & blurred. May oe
- o Y 7 front and rear cdoes. small viece off rear edae.
¥ AN _ |Bendnaal>” &« o devels
H =69 P1-46 P8| MIOIFire | =65 by front uné resr edeczd Tass a
¥ Zan _ |Bandi 5750 1o .
N .69 91-51 Pps| M10 Fire{ - 65 3:';‘::":!;:(- I:':a. bc;:c' ] Pass Photo blurred.
%
: Gun . 1Band had15% & 6% bevels
. 69 P1-54 P8| MU0 |=ire | =65 Jon front and reas cdres) P2ss Photo blurred.
> it i~ —1: - S - cele i’hoto dblurred. May be small
2 ¢ h1-3 af10 [Sun 165 [8andbad15% & "Cbevels| o & may
; 69 | PS| Ml Fire on front and rezr cdeesd | oo piece off rear edge.
. Sun _ Bana had1a% & GO bevels ;
. (9 {"1-39 Ppg| Ml10 E-iirc 165 Ln front and rcar cdres.d Pass
: T s O & o% Levels
i 4y l-4d ~un p3and had 15 - Photo blurrcd. May be small
‘ oy P8} Ml10 Fire 165 )n iront and rear edacs.| £35S niecc off rear (-drv"o
3 Gun Bandhad 159 & 6° bevels
i 69 hi-4¢ P8} MO |Fire 165 on froat ang rear edees Pass
: 70 [j2- sl Mot =4 . Slight fracturc and partial
-] 9 ! Dart 2 Fail debonding.
’-
4 77
| 5

L
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20 mam ROTATIHGC BAND TESYT DATA . ... Sheet No. . .DIU°_ . _ _ °
e
e g':.'.' i 8 Type] Teot Obgerved ..
'§ SlERL2 S 25 % of {Temp.|Other Test Data Teat Addilional comments on
] 3 2 5 H B3 &2 25 Al Teat| (F) < | Reoult Teat Results
| . - [e B ™ e - . .
l Zlwn 7 a0, -g/. ——te aee - ——. .
: ' "0 p2-12fpa | wMig[Fall . . - g
| ? MG el 75 : Pass ..
. > - all. . . .
71 p2-13]¥8 | n110 |Dart| -65 . - { pass ) .
] 7 2 pg [Mmi0 g [ 75 ] Pass ’
7 o234 P8 | apo [SE0 | s - [ Pass . - .
.71 921 P8 f o g;“-"o 75" . Pass .
y Gua
7 92198 |00 |Fire| 75 . Pass .
~ Ten -
} 7 [p22dps | a0fFi| 75 . Pass o .
' . EE TR - - :
72 92-22‘ P8 | a1l {Dart] 73 e Pass .- .
-2 25 1 {GCus = - . Photo dark but appears to
72192 i° M1 !E’??e 75 -t e - Fail have lost part of bané.
4~ 92-2U4 Ps 13 | Gun 75 I . -Fhoto dark but some sicces
7z Po |l |:—‘ire > Sem—eme eeeen Fail may be off & someiriving.
CGun R i I'hcioolucrca vut pars 1,
% -72 923G P8 | M1 Fircl [ IR - . | Fad band appears tohave bec.. os]
SEIV Tt 1120 [~ ;
d- o e Bzndhad15° & 6° bevels | o,
7219225 pg | MU |5 rcl €2 L n front aznd reas edzesd ass
! d22 52-29 £5 .| M1 |Gus 75 [Pa=ikadisd & 8% beveis | Fass .
, Fire cn front and rear edscs)
( o o3 _ |P2ni pedld¥ @ oVocvers) -
{ 72 p2-35 pg | Mi ?5,1'0 I 75 L frozs znd re2r cd:cs.l Pass
- o iaun .. D_nc nadidC & o%bevels| o
72 2-39 P8 l M1l l?i:".‘! 73 bn frest azd rear edees t * ass
L 72 h2-4d ps | aan |55 l 75 |B2nd 82d15° & 69 bevels| pass ; L.
s1Te on frent 2nd rear edpes,) 8 T
. hoo s [Gun ] s Sandrod3V L 6Vbevels | o; Piece of band missing.
~72:p2-23 p3 |-Ml ?i:’el 65 s f202t and rear ecresd © 2il v £
J—72 p2-23 ps.| Ml Ig,:n l___é; Fzndhad15” & 67 bevels | Faii Almost satire band lost.
- Tire! = f-pnt Amd waac adene A
[ CETO ~ Gun j Sanc nadl3v i o oevels| N - e
3 {-72°P2-34 ps | MU I‘;ﬁ'c =65 lon front and rear céesd S oS00 - i
- . . o JOR G H2anakad15% 1 67 bevels | Fail Picce missing from rear
3 72 P2-3% ps | Mil ?”"Cl “55 L1 front and rear cézes. half of band.
3 B = Bandhiad 15V 5. 50 hey
- i 1. un . [Bandhadl3Y & 5% bevels | 1o
- 72 h2+43 P8 | MU Fi:‘ - =63 ten front ard rear edoes. rass
3 72 p2-2y pg | Mil |20 | 165 [Bandhad1sOL 6%bevels | pajl . | Photo dark but looks like
- Fire on front and rear sdces. a nicee is missing.
2 k4 : Gun s [BaadhadisY L oObevels | vaiy o | Ihoto blurred but lavec meec
:“; , 72 p2-24f PS | Ml Tire 165 hn frort ard rear cdenre I Fail appecars to be mussing,
. Gun | y4z  JBandinadi5Y L o0 bevels g :
_36 4
L i 72 h2-3g ps | Ml Fi:‘cl 165 cfront and 7-a: cales Fail Badly pecled.
[ , 72 D214 ps | Mit jeun ) 155 [Bandhad1sT & oVbevelst aj) Photo dark and blurred.
. . Firc on front and rear cdacs. May be OK. .
~ : IENS Lanpacied with - it. .
2 3 haq¢ Mmu 52 -65 p: Fail Fracturc and
A ! 12-19 PS Dart 1b. instcad of 8. partial debondinag.,
e 3 p2-sd pss| s i) -6s Fail Fraclurc and _
3 Nart - _partial <dcbondina,
. .1 - b} 1atl. . H Fracturc and debonding at
£ 13-31 P9 1 M D‘"" s e ® Fail primer-proicetile irterface.
b‘ 4 23l g | oA (R -6s Fail Fracture and debonding at
3 93-3 9 Nart N primer-yeroges ke tate s e
m
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20 mm NOTATING BAND TEST DATA == ====--| Sheet No.” ~ " D127~ —
) ~e $57
6 e [o5fs |
, gon <j""’- i €9 TypctTeot Oboerved
S ol & [ Ko LTI e tee
colk ;—_ b B £i of {Temp.|Other Test Data Teat Additional comments on
R R G s .Q
ok o 5o ol Test) (¥7) Result Test Results
bR o - . o . .
é/. w a1 54
. Fall
75 P4-51 P9 | | Dart] 75 Pass
| 2 ]
a1l . ] Fraciurce ¢ suostantial debond=
75 {94-51 P2 [ML | .| -65 Fail ng at adhesive-plasticanterface
' REUY NO fracture. .
76 {95-1 P9 MU | Dart| 75 Fail Substantial debonding.
=1 » p Fall) .- . Tracture & complete debonding
76 195-1 P9 M1l Dast 65 Fail at bothmetalénlasticinteridces
76 {95-3] P9 ML |Falll 75 Fail No fracturc. ]
Dart Subsgtantial debonding.
ralll Fracture & complete uebonaing
95.3] B 1 -85 : Fr re & completed ‘aing
76 495-3] P3 (MU lpgiy] -65 Fail at both metalépiastic interiaced
Falll Fracture an
77 169-91 P2 iM7 [ Dartl 75 Fail hartial debondine.
j 4 osd Falld o i cracture and
78 159-19 PIIMT7 |Dartf 75 Fail bartial deboading.
oo o ls- Fally . [Fraciure and
79 169-201 P2 1217 Ipard 75 rail Islirht debonding.
all Sracture 2nc
Q. o P LR z . N N ..
80 159-23] P9 M7 |Dape 15 1 Fail bartial debonding.
.81 fzi1-2| molvaz | Fall 73 Fail E‘_racturc and ceponcing at i
Dartl hiastic-2dbesive interface.
Fall] - v Y ey A o at
81 {21-30 prolraz |2 2.1.1 . Fracture and devonding at
v Dar:] 75 Fail blastic-adhesive interface.
81 |21-1f Progaz | Faill g5 Fail Fracturc and acoanding at
Dart pplastic-adhesive interface.
RS [~ PP oy e -
82 |21-5] molan Fall - ~ Fracture anc ceveoncing at
1-5 0f 12 Darf‘ 75 Fail tacticoadhecive interface.
82 |21-6] Pro|Miz |H341 75 Fail Fracture and devonding at
art Maciic_ad neitta 1menmisca,
. Falll " racture ana cetonuing at
82 |21-4] ri0l2112 | partf -65 Fail plastic-adhesive interface.
— - — T
o 1. . . Fracture and debonding at
83 {21-8] Pic|x12 75 Fail blastic-adhesive interiace.
1 T . - -
- - . [Fraciure anc ceovonaing at
83 21-7| P10jMI2 'Dar21 -65 Fail slastic-adhesive 1nterface.
7‘.“1 ~ ur "ol CeDontling at
- o) « o r ol - l . rracturc and ceovoneing
84 121-)13 P10 \(12 ,D.‘\:’t 75 Fail hlastic-adhesive interiace.
1 84- Paotel prolavan (R L R CTaCLUrc @nd GCHoORGINgG &t
e Dart 55 Fail blastic-adhesive snterface.
oAl LX) -~
~85 Piyal profaaz |12 ~ . 3 racgurc and aedonaing at
! Dart] 75 Fail lastic~adhesive 1nterface.
Fallsy - - Fracture and debondineg at
8 l.- - » It . . .u * A on ol ‘; a4
5 Pi-13] P10jMis Dary ~§5 Fail olastic-adhiesive interface.
. :'-:a)li .- . [Fracture ana deovonaint at
86 P1-17] profaaz I Dast 75 Fail nlasticwardhecive interfice.
) < — AT
s PO 33 , Fracture anc weoonim; ot
86 P1-16| piofai2 l)m-J -5 “I'Fail nlastic-adhesive interfac .
At - : s ot g
87 P1-19 piof M2 " Aty 75 <1 Fail .k\o fracturc. \c.'y shght devo.ad-
. Dot " ing at plact-c-adhesive 1ntariaa |,
87 Pi1-2¢f mof a2 |- 2l _gs IFail No fractuzre. Yery shgat ¢ebends
Dart ing at plastic-adhesive interiace.
88 P21-21] Plojn2 5-’3!14 75 Fail 5\'0 fracture. Very slight debonda
_.\.nl ing 3t plistic-acthesive 11erface.
i'Tlh No fracture. Very shight Cebond
1.2 y 2 . . A e s
8¢ |2 ‘-?: P10} afl2 _B:'_\.ll -65 Fail ing at plastic-adhenive irtecface.
89 P123] projaaz ;)-llr 75 Fail NoTracture. Very Shignt de bond-
SRR AL u bop 2t ply e ather e sar zlasean
89 124l 110] iz 1Tan -65 Fzil No sraclure. Very sapii debond-
Dt Ing at plastic-adhesive interface.

e




20 mm ROTATING BAND TEST DATA - Sheet No D13

N PRELE
‘é o E ;’; 8;2.: SE", Ty?c 'l':l‘cst : Observed )
AlEelzoglag § o . T iti
£20% EE ?}’:‘1 ;%, 2 e (;rg)p Other Test I?:\ta Teot Additional comments on
3 c.; g eson Result Test Results
Z)lw Alag |3+ ’
g T
90 f21-25 P10 | mi2[ 211 7, Fon IRG fracture. Vory shipnt debond- -
e ine ot plastic-adhesive interface.
90 [21-2¢ P16 | M12{Dax - .. . | Mo fracturc. Very slight debond- ~
Dart| -65 - Fail " {550 at pl d*r .
ng at plastic-adhesive interface
91 [21-24 P10 | 12 |Fall. : - ~
91 21-27 P10 | 12 b;rlt 75 Fail é;\o frtac:ur‘c-. \c;}:' slight dcbond-
- = g at plastic-adhesive intesface,
91 l1-28 P10 | M2 }"fxll. _ j Fracture c:ueoonumumai ‘
| Dart 65 Fail A Ing s
— =T - primer-metal interface.
92 [21-2¢ P10 | Ml12 Dart 5 : Fail | fracturc. Yery shight devond-
o : i i:xg at nlaslicT?d}:lc?ivc i.n:erfacc.
92 {21-3q P10 | M12[pare| -65 | . i ¥racture 2nd debonding.at
Dar 21l | plastic-adhesive interface
93 |21-31 P11 | M1z b?i}: 15 Fail Fracture and dctonding At
- T nlastic-adhsasive interface.
94 {21-34 P31 | M12 l:)irt 7 Faj | Eracture totaldeoonaingat”
i = plastic-adhesive interface.
95 {21-38 P11 | M12 f)grt. 75 Fail Fracture & partial debonding
Dart at plastic-adhesive interiace.
96 |21-374 P11 Mi2 -Dav-t. 75 Fail rracrure & partiai aooonaing
: Dar ai atplastic-adhesive interface.
97 {21-39 P11 | Ml2 fh)ant' 75 T Fail |Fracture & partial debonding’
a 2 s ti y
‘-‘ai _ at plastic-adhesive interface.
98 [21-44 P11 | M12 f)a*t. 75 . Fail Ftralc:uge & partial devonding
Dar at plastic-adhesive inter .
e st s — — I ic-adhesive interface
Dart Fail |Fractureanddebonding.
99 f22-1] pn | mizjE2t| -6s
Dart] -02 Fail | Fracture 2nd debondi
D ng.
100 22-4] P11 | mizlE3%| 45 Fajl |No fracture.
i 7 s elia H
100 1223l ot 1 oz o yr ———— - “er‘, slicht debonding,
Dart Tail | Fracture and debonding.
101 [22-6] P11 | mMiz{Zalll g5 | T N
: o fracture.
—— - _:Q%:'lt. - Fail Very slight debonding.
101 f22-5| P11 | Mi2lDart| -5 I E
( h Darl ~65 Fail Fracture and debonding
| 102 {22-8] P11 | W Davt Tt acer -
5. 252! . - N0 iraciurc.
) Egilt E] Fail | Very slight dcbonding.
: 102 |22~ 7} Pl _:\f_:_z_‘Da’t! -65 e e b Rail Fracture and debonding.
"all
103 fr2ad Pnn ; Mizlpart] 5] T T g | Yo tracture.
: . $ ?“"f‘t 75 Fail | Very slight debonding.
103 p2-9f P11 | Mi2| e ¢ e ; y
__iDart Fail | ¥Fracture and dcbonding.
104 3.1 | prz2 | rsifeltl 45 Pass
104 b3yl Jrati. T - -
p3-11 P12 | ML Dartj ~05 Fail I\\;gr;\;i(l:?cxﬁg'dobondin
¥ail. Sy —
104 23-2¢ w12 | ta3 !‘)::i-t -65 ST T T —- Fracturc & debonding at
" T : Fail | metal-adhesive interface.
23-5| P12 { MI3|nape] 75 s e -
Nart rass
105 Pa-s| prz | i3 ;\:tl{ - 65 Fail Debonding at metal-
, 106 1237} paz | 3[Rt vs ) ?'dhcstl'vc mmrac\c'
: Da . L rai Fracturc & very shight debom
; l'wlrlt ; irgat mcl:\l—adhcswcintcr!:\c:
; 106 23-7] P12 | M13|;5am) -05 Fail Fracture & very slightdebond-
} ] _ ing atmetal —adbesive interfaa]
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20 mm ROTATING BAND TEST DATA Sheet No. D14
X' T =
§ g [95 o . .
- 3|0 uleh o Typc| ‘Teot . . |Observed| . . e e = -
‘;‘5 £e JE B ol 8l nf |Temp.|Other Test Data Teat Additional comments on
i I E I oY 8% QlTest] (F°) . Result Test Results
4 i3l oeslon fo32 . . .
i aluv lage |y T
30 e Fall. .
b 107 p3-9) P12 | M3 |30 75 Pass
ol L'all. rracturc & debonding ac
: 107 R3-9{ P12 | M13 Dart} -65 . Fail jmctal-adhesive interface.
3 13 rall. "
ws PP maz | m3Bik| s Pass
- Fall, Fracture & substantialdebond-
108 R3-13 P12 | M13|5art | -65 Fa’l  Encatmctal-adhesive interface
— Fail, -
; 109 p3-14 Pz | M3 fRat s Pass
Fall, . Fracture & substantial debong-
109 p3-14 P12 | M13 Dart -85 Fail  Engatmetal-adhesive interface
rall. . .
110 R4-1| P12 | Ml13 Datt 75 Pass [Very slight debonding,
Q- . rall, : [Fracture and debondin °
: - % - 1 g
“ N0 p4-~1)¥I1Z | Ml3|n,pe 65 Fai t both interfaces.
no bks-z2lmz | va3 i"all, 65 Fail (Fracture and debonding
H ? - i Dar‘t - t both interfaces.
; 10 p4-s| P12 | M3 2| 65 Pass [Very slight debondirg.
% Dart .
. ) Fall,
. Jm p4-6] P12 | M13 ipart 75 Pass [Very slight dcbonding.
& 111 D47 Plz M13 rall. -65 Fail IFracture and debonding at
) Dar mnetal-adhesive interface.
8 . Fall. Very slight debonding at
N2 R4-8| PI2 | M3 |page| 75 e comeoemeee -} P28S  |olastic-adhesive interface.
B ~ rall. : Fracturc and debonding at
.- . U2 p4-9) P12 | M13 Dart - 65 Fail metal-adhesive interface.
* ) b 4. rall. Very slignt debonding at
. 113 P4-14 P12 | M13 Dare 75 Pass both inteyfaces. .
; ‘fFall. [Very slight debonding at
: N3 p4.11f P12 | Mi13|Dart 75 e et e i e Pass _ fpoth interfaces. .
g i rall, Ve ry slight debonding at
: 113 P4.14 P12 | M13 Daﬁt -65 Pass  Pboth interfaces,
P Fall. i -
: 4 paa1d Pz | Misfpare| 75 .1 ran [Pfbendig at metal
- / Fall. . Dcbonding at metal-
g U4 Pa-14 P12 | M3 |po 0] 75 Fail  lidhesive L1zntc'n'ac<:.
i ralll : Debonding at metal-
i 14 Pd. - e
¢ ! — 4 13 PI? .MB Dart f)é_ e e ———— e Fail adhesive interface.
A rall, . R Fracture and debonding at
U5 §00-4 P13 | Ml4 Dart 75 oo iama e ae - Fail fnetal-adhesive interface.
N Fail. Fraclure and decbonaing at
;;” 115 100-1f P13 | Ml141Dart| 165 e e e Fail metal-adhesive interface.
. rall. v |Fracture and debonding at
. N6_101-3t P13 | MlaiDart} 75 Fail___lnlasticoadhesive interface.
16 1415 all. /= . rracure and aeovonding at
HN 01.4| P13 | Mldtpare | 145 - eeweee - -] Fail  blast:c-adhesive interface.
~all. . Fraciure and debonding at
. N7 _102-4 P13 | M4 g:i.lt 5 . e - Fail plastic-adhesive interface.
; 1 K 4 [T 165 Fail [Fracturc and debonding at
: 17 o2 % P13 | Ml Dart r r——— -at plastic-adhesive interface.
. Fall, = : Fracturc and dzbonding at
t\ N8 110-4 P13 | M4 |part & Fail plastic-adhesive interface.
. rall, Fracturc and debonding at
3 N8 110-6} P13 | Mi4[Dart] 165 . Fail plastic-adhesive interface.
g w N .

13
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20 mym ROTATING BAND TEST DATA

. Shect No, DS

T DX
§ ¢ [o 28 4 o . .
.f, . {, b g';d g:n Lype] Teot Observed
E ;; £o £ g;_: e ; of {Temp.[Other Test Data Teat Additional commenta on
2 !’ é f: ‘gk-u a5 A Test| (F) Result Test Results
g'/_ n 7. % 13/-
o _ 4 |Fall] 4 i Fracturc &debonding at
N9 M-, P13 IM14 Dart > Fail plastic-adhesive intgrfacc.
Fall. . Fracture and debonding at - -
n9 {M-3 PI3 MM {pap| 75 Fail plastic-adhesive interface. .|
Fall. o Fracturc and debonding at™ .
ng {1i-}y P13 ;M4 ?Q;‘f 165 Fa::.___.pl:;stic—adhnc\‘vc inferface.
A :
4 . *1 16 8] Fracturc and debonding at
ng | PI3|MI {pary] 195. Fa Mastic-adhesive interiace.
Fall. ) Fracturc and acoonding at
120 112-1} PI3{MI4 [Dart] 75 Fail plastic-adhesive interface.
E Fall. . “Fracture and debonding at
120 {112-¢ PI3{MI14 |popy| 165 Fail plastic-adhesive interface. -
R ratl. — m———d
121 J120-3 P13{MI15 [Dart] 75 Pass
rad. . No fracture. Dcoonding at
121 f120-3 P13{M15 |Dart| -65 Fail both interfaces.
N rall,
122 |120-7] P13IM15 |Dart| 75 Pass
i Fail. . Fracture and debonding at
122 {120-7 P13{M15 |part{ -65 e - - Fail both interfaces.
123 130-3 Pi3fmis (Fall4 75 | Pass
Fall. : Fracture and debonding at
123 1130-3) P13|M15 ?arlt -65 T e e Fail both interfaces.
. ail,
=123 130-5) P13|M15 (Dart| 165 | .. . .- ... |- Pass
- 4 Fall. i Fracture and debonding at
124 fl21-4} P14|MI5 Dart| 0 {-— —— | Fail iﬂastic—ndhe:i\'e interface,
d 5 | ¥alll] .65 3 Practure ana debonaing at
124 jl21-4) P14|M15 art R pinisate Fail nlastic-adhesive interiace.
rall, Fracture,some cecoonciny at
-125 f21-7 -P14jMls IDaxt) 75 | Fail both 'ntc&fac,es, but most at
o= e metal-adhesive, )
) e R e R P R o e
Fall,y.
126 [131-2) Pua|ms |pog] 75 — .| Pass
126 f31-2f prafaas [E2B Lgs . Fajl =~ | Fracture and debonding at
! Dart T plistic-adhesive interfaces.
{326 1313} Prafnas [F2R 165 Pass
127 132-2) Pianis |Bon] 75 | e —..| Pass
Fall, . Fracture and debonding at |
127 {132-2| P14|MI5 |part| =65 [ -ve—mm e oL Fail plastic-adhesive interface.
- Fail. . . .
1127 132-4] p14inis |Dare 75 T et Fail Fracture and debonding.
Fall.
127 [132-30 P MIS [papel "165 | === e es Pass
128 354} puafws (Falld a5 o ] Pass
) Fall Impacted at & ft. 1b. : ;
128 [135-2 PLE{N(IS {pDare] =65 ns}.)c:\d of.S. Fail, Fracture and debonding.
128 . e 1Falll} Impacted at 2 12,10, ot o -
8 135.31 Pl4{MI5 Dact 65 inatand of & Fail Fracture :mfi debonding.
. Iall : [mpacted at 2 it, Ib. - P .
129 #35-1F PLEIMIS [ Dart 7% ;::}:(..:dcnr 8. Fail Fracturc and dcbonding.
o . ] .
129 135-5 prafais ;).:}11 -65 §::L‘,’i§:l"grd:;." e 1o, Fail Fracture and debonding.
.. I all. «l ar 2 ft.ib, S ai i
129 1135-¢] PLIMIS [yi -65 g:::.-'.’ﬁf.:f:ir\ﬁ.z ft. b Fail Fracture and debonding.
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20 yny ROTATING BAND TEST DATA T Sheet No. D16

8 N '.g‘lr’_s ‘_o‘ ] ) - . —
38,0 @t S‘".u s [ Type] Teot Obacrved

e £ Al oula 8 of |Temp.|Other Test Data Teat Additional comments on
;) L b f, o oal g3 Al Test] (1) - Result Test Results

L o, O K ~2 .

g7 1o A3 |37 :

* 130 135-4 Pud M15 f)g{’l{“ . 75 N Pass

“alld ] tcd at 2 1t. 15, - : )
130 [135-4 Pla|Mis | HaR] 65 fipacted ot Fail | Fracturc and debonding.
o Taf 2 6,16, | .. .

1ofi3s-q prafmas |3 s filtheaders.” Fail | Fracturc and debonding.

131 3514 Prafans | F2lly gg flmpacted af 2 fedb | gy | Fracturc and debonding.

131 135-1] PLZIMIS § Falll 65 lmpacted at 2 ft.1b, Fzil Fracturc and dcbonding.

Dart instead of 8. .
3519 Pua|mac | E2lly g5 fimpacted at 2 ft.1b. i ing.
13113514 P14| M1 Dar:l 65 ins;t)cad °cs. Fail Fracture and debonding. |
.
‘ - i w—— - .— - -
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